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ABSTRACT
A statewide survey of all the egg packing plants was
conducted. Wash water and egg samples were obtained from
each plant. These samples were analysed for the presence
of Salmonella and aerobic plate counts were also made. The
3 7APC of the wash water ranged from 2.3 x 10 to 9.6 x 10
per ml, while the APC of eggs was consistently less than
4
1.0 x 10 per square centimeter of shell surface. Two out 
of 88 samples of wash water were found to contain
salmonellae. None of the 264 egg samples contained
salmonellae.
Laying hens were orally inoculated each day for ten
g
days with approximately 1.0 x 10 viable cells of jS. 
senftenberg, S^. thompson, or S. typhirourium. Fecal, egg, 
and tissue samples were analyzed from these hens. 
Approximately 25% of the fecal samples were found to 
contain the species of Salmonella that had been orally 
inoculated. Less than 10% of the exterior egg examinations 
yielded positive recoveries for all three species of
vi
Salmonella tested. Analyses of the egg contents from these 
hens showed one out of 232 samples was positive. The 
ovaries, blood, liver, lungs, heart, and kidneys of each 
hen was analyzed at the completion of the ten day experiment. 
None of these from any of the birds, that had been orally 
inoculated, was found to contain Salmonella.
The pH of a laying hen1s digestive tract was simulated 
in vitro to determine the effect these acidic conditions 
had on s. senftenberg, j5. thompson. and s. typhimurium. At 
pH 6.2 and 6.3 which simulated the acidity in the small 
intestines and large intestines, respectively, there was 
slight destruction of Salmonella, considerably more cells 
were destroyed at the pH which corresponded to the crop 
(4.5) and proventriculus (4.4). At a pH of 2.6, which 
simulated the pH of the gi2 zard, almost total destruction 
resulted.
The efficiency of four enrichment broths (Selenite 
Cystine, Rappaport's, Gram Negative, and Tetrathionate) and 
eight selective plating media (Brilliant Green agar, 
Brilliant Green-Neutral Red-hactose agar. Bismuth Sulfite 
agar, Eosin Methylene Blue agar, MacConkey agar, salmonella- 
Shigella agar, Hektoen agar, and XLD agar) were compared
vii
for the isolation of S.. senftenberg, S. thompson, and S.. 
typhimurium from poultry feces and poultry products.
Selenite Cystine broth, Rappaport's, and Gram Negative broth 
yielded about 25% positive isolations while Tetrathionate 
only 5%. Salmonella-Shigella agar yielded more positive 
isolations than any of the other seven media tested. It 
yielded 41.7% positive isolation. Bismuth Sulfite and XXJD 
agars yielded the fewest, 13*9% each.
viii
INTRODUCTION
Salmonellosis continues to be one of the significant 
international public health problems. Recent estimates 
indicate that in the united States alone nearly 24,000 
people are affected each year. increased awareness of 
facts such as these has resulted in research workers 
focusing their attentions on the detection of salmonellae 
in marketed foods.
The incrimination of eggs and egg products in recent 
outbreaks of salmonellosis in humans makes it imperative to 
find methods to control salmonellae contamination of these 
foods. If the contamination of eggs by salmonellae is 
external and not internal, then perhaps sanitizing the egg 
shell surface shortly after lay could be one effective 
method of control. Under proper conditions, the salmonellae 
which contaminate the surface of an egg shell can penetrate 
into the egg. Natural barriers resist this penetration but 
do not prevent it. Although salmonellae do not cause a
1
2rapid deterioration of the infected eggs, they are a public 
health hazard.
The study reported herein was planned with the 
following objectives in mind;
1. conduct a survey of all the paching plants in the 
state in an attempt to get some idea of the 
prevalence of salmonellae in eggs processed in 
the Louisiana area.
2. Determine if salmonellae contamination of eggs 
can be the result of ingestion of contaminated 
feed by the laying hens.
3. Determine the effect of the pH of the laying hen's 
digestive tract on the various species of 
Salmonella inoculated.
4. conduct a comparative study to determine which of 
the existing methods of detecting Salmonella is 
most efficient when dealing with poultry products.
LITERATURE REVIEW
I. Salmonellosis and the poultry Industry
Salmonellosis continues to be one of the significant 
international public health problems. Recent estimates 
show that in the united States alone nearly 2,000 persons 
per month are affected. Increased awareness of these facts 
has naturally resulted in research workers focusing their 
attention on the detection of salmonellae in marketed foods.
Salmonellae are some of the most widely distributed 
organisms in nature, affecting practically all warm and 
cold-blooded animals. There are many hundred serotypes;
100 of them affect chickens and turkeys.
When salmonellae are found in a food product it 
is a tedious task to determine the origin of the organisms. 
First, each ingredient of the product is a potential 
villain. Secondly, when -the responsible Ingredient has 
been determined, the plant from which it originated must be 
located. Finally, the problem area of that particular 
plant must be located.
4The Incrimination of eggs and egg products in recent 
outbreaks of human salmonellosis makes it imperative to find 
methods to control salmonellae contamination of these foods.
According to Rizk est al. (1966) a considerable
t
proportion of the outbreaks of salmonellosis is due to 
poultry and poultry products. Ager _et _al. (1967) stated 
that the poultry industry contributes greatly to the high 
incidence of salmonellosis in the United States. He 
believes it may become necessary to pasteurize poultry 
feeds, raise the standard of poultry management and egg 
quality, and pasteurize all bulk egg products. Haberman 
(1966) stated that poultry (and particularly eggs) are often 
incriminated by public health officials in cases of food 
infection gastroenteritis. He said that the poultry 
industry can't resolve its salmonella problem by protesting 
that its products are as good as others and that its plant 
standards are as high or higher than other food processors. 
It can only resolve its problem by adopting a cooperative 
salmonella surveillance program which includes the checking 
of blood, birds and feces from commercial egg-laying flocks 
and egg wash water from processing plants.
5II. Microbiology of Eggs and Egg products
Many workers have studied the microbiological 
contamination of egg shells. Pennington (1910) reported 
that a considerable number of fresh eggs contained bacteria, 
although the bacterial count in roost cases was low. Bryant 
and sharp (1934) and Solowey et al. (1946) stated that the 
deterioration of washed eggs was caused by bacterial 
infection of the egg from the dirt and feces that were on 
the shell. Rosser (1942) reported average counts of 7.0 x
4
10 organisms per shell of Canadian market eggs. McNally
(1953) stated that with clean, unwashed eggs, the cracked
or checked eggs are probably the most important cause of
bacterially infected eggs. Forsythe et al. (1953) found a
4 6
range of 1.0 x 10 to 1.0 x 10 organisms on the shells of
eggs produced on an experimental poultry farm. Board et al.
(1964) employing the swab technique to the exterior of eggs,
reported that the level of contamination on the shells of
2
eggs entering a grading station ranged from 1.0 x 10 to
Q
1.0 x 10 microorganisms per shell, These workers also 
isolated and identified a strain of Salmonella senftenberg 
from the shell of a lightly soiled egg. They concluded that 
dust, soil and fecal material were the usual sources of
6contamination to which eggs and egg-packing materials are 
exposed. March (1969) conducted a survey of eggs in the 
Fraser Valley area of British Columbia to determine the 
level of bacterial contamination on washed and unwashed 
shell eggs and to determine the incidence of salmonellae 
infection in shell eggs. She took 180 samples from 15 
grading stations and found that a higher proportion of eggs 
was more heavily contaminated with bacteria after washing 
than prior to their arrival at the grading stations. Also, 
she was unable to detect salmonellae in any of the 180 
samples. Based on her findings, she concluded that there 
was a need for the development of more satisfactory washing 
procedures and that salmonellae contamination of intact 
shell eggs does not constitute a serious health hazard in 
eggs from the area which her survey included.
The literature contains conflicting evidence regarding 
the incidence of eggs containing salmonellae at the time of 
lay. Tittsler et jal. (1928), Gibbons and Moore (1946), Chase 
(1947), and Stokes jet elI. (1956) report that hens produce 
eggs contaminated with salmonellae; however, May (1924),
Mundt and Tugwell (1958), Ross _et al. (1964), and Mellor 
and Banwart (1965) seem to disagree with their findings and
7contend that the contamination of eggs with salmonellae is 
external and not internal and that sanitizing the egg shell 
surface shortly after lay may he one method of effective 
control. It has been shown that salmonellae were found to 
be more prevalent in U.S. grades light dirty, dirty, check, 
and leaker. The four higher grades had only one-tenth as 
much incidence of salmonellae.
Buxton and Gordon (1947) demonstrated the ability of 
Salmonella thompson to penetrate readily the shell of an 
egg. These workers also have shown that the chicken can 
harbor the salmonellae organism in its intestinal tract for 
18 months. Stokes et al. (1956) and Mellor (1965) stated 
that salmonellae surface contamination if given time and/or 
the proper conditions, can penetrate into the egg. Stokes 
et al. (1956), Watanabe et al, (1959), and Board (1964) 
report that organisms have the ability to penetrate the egg 
shell but several days are required for the process. It is 
believed that once salmonellae penetrates the shell, they 
will multiply in the egg white in spite of the presence of 
lysozyme, avidin, conalbumin, or antitrypsin. Banwart and 
Ayres (1957) showed that Salmonella pullorum. Salmonella 
oranienburg and Salmonella senftenberg grew well in egg
8whites at pH 6, 7, or 8. According to Walden _et _al. (1956), 
Hartung and Stadelman (1963), and Lifshitz _et al. (1964) 
natural barriers resist the penetration of salmonellae into 
the egg, but do not prevent it. They feel that if the shell 
surface contamination were removed prior to invasion, the 
egg content would remain essentially sterile. Board et al. 
(1964) isolated and identified a strain of Salmonella 
senftenberg from the shell of a lightly soiled egg. They 
concluded that dust, soil and fecal material were the usual 
sources of contamination to which eggs are exposed.
Investigators have established that salmonellae are 
rapidly destroyed at temperatures of 60 to 65°C. However, 
it may be noted that exceptions have been reported, winter 
et ail. (1946) reported that a heat resistant strain of 
Salmonella senftenberg 775 W was ten to 20 times more 
resistant to heat than other species. Gibbons and Moore 
(1944) and Castellan! (1953) reported that salmonellae 
could withstand temperatures of 70 to 80°C in scrambled 
eggs and turkey stuffing. Such survival is readily 
understood since all areas of the food do not reach the 
cooking temperature recorded.
Punk est al. (1954) found that an effective method of
9shell egg pasteurization included immersing eggs in water at 
130°F for 15 minutes or at 140°F for five minutes. Bierer 
and Barnett (1965) working with Salmonella pullorum. 
Salmonella gallinarum and Salmonella typhimurium reported 
that these organisms on egg shells were killed by washing 
eggs at 150°F for three minutes. However, this procedure 
resulted in a slight amount of albumen coagulation on the 
inner surface of the shell. Coagulation did not occur when 
the eggs were washed at 150°F for one minute and only one 
positive Salmonella recovery was made out of 600 eggs washed 
at this time and temperature. The Salmonella species they 
used were destroyed in the wash water alone at 128°F. These 
workers concluded that washing at 150°F for either one or 
three minutes, or a modified procedure, should have an 
application in destroying salmonella contamination on shell 
eggs to be used for human food.
Several investigations have been made on the effect of 
washing and infection of eggs by salmonellae. Lancaster _et 
al. (1952) reported that sodium hypochlorite solution and 
a solution of sodium para-toluene-sulphono-chloramide, 
cetyltrimethlyl ammonium bromide and chlorometaxylenol were 
each successful in the removal of Salmonella pullorum from
10
the shells of artificially infected eggs. These workers 
also stated that Salmonella typhimurlum and Salmonella 
thompson were resistant to the disinfectants tested. Bierer 
and Barnett (1962) found that disinfectants, including 
formaldehyde fumigation, were not completely effective in 
killing Salmonella pullorum and Salmonella typhimurium on 
egg shells under experimental conditions.
in a survey conducted by Solowey et ail. (1946) 
concerning the source and mode of entry of salmonellae in 
spray-dried whole-egg powder, it was found that 2% of clean 
eggs and 16% of dirty eggs were found to contain salmonellae 
on the surface or in the pores of the shell.
Butler and Josephson (1962) reported finding Salmonella 
thompson in a commercially marketed cake-mix in 
Newfoundland, They stated that this organism was present 
in such large numbers that primary cultures could be 
obtained by the direct plating technique without the use of 
subcultures from enrichment broths. Thatcher and Montford 
(1962) examined 119 cake mixes containing egg and reported 
that Salmonella thompson was the most frequently occurring 
Salmonella serotype, its presence was detected in 33 of 
the 119 samples. These workers contend that the immediate
11
aim should be to prevent the entry of any salmonellae into 
kitchens, restaurants and food processing plants. Their 
presence, even in small numbers, is an unjustifiable risk. 
Cooking, in accord with the manufacturer's directions, 
destroys the salmonellae even after an interval to allow 
multiplication in the prepared batter, but this gives no 
assurance that the contaminated foods may not indirectly 
contribute to salmonellosis through the contamination of 
kitchen utensils or by infection of the cook or children 
who may eat the uncooked batter.
Adinarayanon _et al. (1965) attempted to isolate 
salmonellae from a variety of prepared and packaged foods 
at the consumer level, prom a total of 247 samples of 23 
different kinds of packaged foods, 17 were found to contain 
salmonellae.
The number of salmonellae in eggs broken for commercial 
processing is very important, because the probability that 
no salmonellae survive in any given quantity of pasteurized 
material increases as the Initial contamination decreases. 
Garibaldi _et al. (1969) ran quantitative salmonellae 
analysis on freshly broken liquid eggs. Samples were drawn 
throughout the year from over 25 plants located in eight
12
states. Of the 287 samples, 95% contained less than one 
salmonella per gram. The other 5% of the samples contained 
from one to 110 salmonellae per gram. These low numbers 
support the view that an excellent margin of safety is 
provided to kill salmonellae by present pasteurization 
treatments.
Not much work has been done concerning the 
susceptibility of cracked eggs to infection and spoilage by 
microorganisms, as compared to the extensive literature of 
spoilage of normal shell eggs. Since cracked eggs 
constitute about 2-3% of the total egg production, they are 
economically important to the poultry industry. Vadehra et 
al. (1969) artificially inoculated cracked and normal eggs 
with Salmonella typhimurium and incubated them for 30 days 
at 10°C and 230c„ Their findings were that cracked eggs 
washed in the normal procedures and exposed to artificial 
infection were more prone to infection when compared to 
normal eggs treated similarly. Also, unwashed cracked 
eggs were less prone to spoilage than washed, cracked eggs. 
They also concluded that the temperature of incubation, 
following inoculation, had a profound effect on the 
spoilage. At 10°C, very little spoilage was observed.
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III. Sources of Salmonellae Contamination in Eggs and Egg
products
Bayne _et _al. (1965) stated that the elimination of the 
genus Salmonella from foods has been the objective of many 
investigations in the past 60 years. Poultry are considered 
to be a significant reservoir of salmonellae and one from 
which transmission to man can readily occur. Recently there 
have been outbreaks of Salmonella food poisoning in which 
dried or frozen egg products have been implicated.
Therefore it is of concern to the poultry industry to 
determine the most likely modes of entry of bacteria into 
eggs or egg products in order to devise measures to minimize 
infection in general and to eradicate salmonellae in 
particular.
Under normal conditions, the mode of spread of 
salmonellae infections to the egg is by direct ovarian 
transmission or by penetration of the shell. Most important 
in shell penetration is the amount of fecal contamination of 
the egg shell, but penetration is also influenced by 
temperature, method of storage, moisture and other conditions 
in the handling of the eggs.
Sharp and Whitaker (1927) and Stark and Sharp (1927) 
stated that the hydroxyl-ion concentration of the white of
14
eggs increases very rapidly after the eggs are laid, owing 
to the loss of carbon dioxide. Furthermore, they 
demonstrated that the germicidal action of the egg white is 
influenced markedly by this change in hydroxyl-ion 
concentration. Stokes _et _al. (1956) artificially inoculated 
eggs with five different species of Salmonella (S. 
oranienburg, £>. typhimurium, S. montevideo, pullorum, 
gallinarum). After three to four weeks all five strains had 
not only penetrated into the egg contents but had multiplied 
to enormous numbers which approached or exceeded a billion 
cells per ml of alburaen-yolk mixture. They explained why 
the contents of some of the eggs remained free of Salmonella 
by attributing the individual degree of resistance of a 
particular egg to the penetration of Salmonella. They 
stated that this higher degree of resistance may be due to 
a lesser porosity of the shell or to possession of a thicker 
membrane or to a greater content of antibacterial substances.
Direct transmission of salmonellae in poultry has been 
extensively studied, but problems concerning Infections 
caused by the use of feeds containing salmonellae are not 
clearly identified. Some investigators feel that feed 
ingredients and manufactured feeds serve as transmission
15
vectors and may be indirectly responsible for contamination 
of poultry, eggs and egg products. According to Adler (1965) 
feed contamination is the major source of salmonellae 
infection in the chicken.
Forsythe et al. (1967) orally administered Salmonella 
anatum and Salmonella lexlngton to laying hens and then 
attempted to recover them from the egg shells, egg contents 
and fecal samples of these hens. They orally administered 
fairly low dosages of the organisms only once to each hen on 
the first day of the experiment, and collected samples 20 
days post-inoculation. They placed lypholized cells into 
gelatin capsules for feeding. They reported six positive 
recoveries from a total of 503 egg shell examinations. Only 
one egg content of the 519 samples examined was positive for 
Salmonellae. Of the 600 samples of feces, 61 were reported 
as being positive. Also, by employing the surgical 
technique, these researchers inoculated the reproductive 
organs of hens with Salmonella pullorum and Salmonella 
anatum. From the group of hens Inoculated with S.. anatum, 
they were unable to recover any of these organisms from the 
egg contents or ovarian tissues. However, from the group of 
hens inoculated with pullorum, they recovered these
16
organisms from the egg contents and ovarian tissue of more 
than half of the hens that were inoculated. Based on their 
findings, they concluded that the main source of salmonellae 
contamination of egg contents is shell contamination 
resulting from fecal contact and also, while the 
establishment of an infection of the reproductive organs 
by ingestion of salmonellae is possible, it seems unlikely.
Leifson (1936) described the presence of Salmonella 
typhosa inhibitors in feces. A finding such as this may 
partially explain some of the inconsistencies experienced 
by some workers (Gibbons and Moore, 1946; Chase, 1947; 
Gwatkin and Grinewitsch, 1955) in recovering salmonellae 
from feces. Silliker et al. (1964), however, found that 
sterile feces enhanced the selectivity of selenite broth and 
increased the numbers of salmonellae recovered.
IV. Methodology
Many media have been proposed for the isolation of 
Salmonella organisms. Most, if not all of these media were 
originally designed for isolation from various human body 
fluids or feces. It has become increasingly clear, through 
work in most laboratories, that all of these media are not
17
particularly efficient for the isolation of Salmonella from 
foods.
Taylor (1958) reported that when the ratio of coliforms 
to salmonellae approaches 50 to one, the appearance of a 
typical well-isolated salmonella colony with its identifying 
characteristics for a given medium becomes the exception, 
not the rule. In overcrowded areas, salmonellae are rarely 
able to disclose their distinguishing characteristics. Upon 
closer examination, these colonies would appear suspect, not 
because they are typical salmonellae, but because they are 
not typical coliforms. Montford and Thatcher (1961), 
Sugiyama et ail. (1960) , and Silliker est _al. (1964) all agree 
with these findings.
According to Mccoy (1962) there are various factors 
which influence the isolation of salmonellae:
a) Size of inoculum.
Within limits, the larger the quantity of sample 
examined the higher is the percentage of positive 
samples.
b) Choice of enrichment medium.
For some materials and foodstuffs the use of an 
enrichment medium is unnecessary.
18
c) Optimum time for subculture from enrichment broths . 
Many times and combinations of times for subculture 
from enrichment broths are recommended in the 
literature; 24 and 48 hr, and 24 and 72 hr are the 
combinations most frequently recommended.
d) Choice of selective medium for subculture of 
enrichments.
e) The characteristic salmonellae colony.
Certain Salmonella species produce atypical 
colonies on some of the various selective agars.
For this type of situation the colony can only be 
recognized with experience.
Galton et al. (1955) stated that using more than one 
enrichment broth and more than one selective agar greatly 
increased the number of positive detections of salmonellae 
in poultry and poultry products.
Muellar (1923) developed and demonstrated the value of 
tetrathionate broth for the isolation of typhoid and 
paratyphoid organisms. This medium has been adopted as a 
standard medium for the isolation of Salmonella and has 
been reported by some workers as being excellent for the 
isolation of Salmonella. McCullough and Byrne (1952)
19
presented data showing the relative efficiency of Selenite 
F and Tetrathionate (containing brilliant green 1:100,000) 
in detecting certain strains of Salmonella in fecal 
specimens. They subcultured the enrichment media to Bismuth 
Sulfite agar, SS agar, EMB agar, and MacConkey agar. They 
concluded that the modified Tetrathionate broth was superior 
to Selenite F. Also, they stated that SS agar yielded 
superior results as a medium for subculture of either 
enrichment broth. Hurley and Ayres (1953) reported that 
Selenite F, Tetrathionate, and ^ Ringer solution were the 
best of the six media tested for detecting Salmonella 
pullorum in egg products. However, they noted that when 
used with egg products none of the broths were considered 
sufficiently selective enough to eliminate the possibility 
of other organisms to overgrow the Salmonella.
Leifson (1936) developed a selenite enrichment broth 
based on the observation that sodium selenite inhibited the 
development of fecal coli and enterococci for the first 8- 
12 hours of incubation but had little effect on the typhoid 
bacilli which multiplied unobstructed. North and Bartram 
(1953) found that the addition of ten mg. of cystine per 
liter of Leifson's Selenite broth overcame the adverse
20
effects of food materials on selectivity and resulted in 
the increased isolation of Salmonella from egg products.
Banwart and Ayres (1953) did a study to determine the 
effect of commonly used enrichment broths upon the 
multiplication of several species of Salmonella. The 
enrichment broths tested were Tetrathionate, Selenite F, 
and Ruys' medium. From their results they concluded that 
Selenite F appears to be the best broth. They stated that 
while Tetrathionate supported the growth of roost of the 
eight species of Salmonella tested, it was definitely 
inhibitory to Salmonella paratyphi. They found that Ruys* 
medium inhibited all of the organisms tested and also that 
Bismuth Sulfite agar significantly inhibited four of the 
species of Salmonella used in their study. These workers 
also reported that the addition of whole egg to the three 
broths tested reduced the inhibition of the members of the 
genus Salmonella. They concluded that the addition of whole 
egg minimized differences in the broths and Indicated that 
consideration must be given to the material being analyzed 
when selecting a broth for enrichment of Salmonella.
Wells et eiI. (1958) reported that selenite brilliant 
green and selenite brilliant green sulfapyridine were both
21
far superior to Selenite F as enrichment broths for the 
recovery of salmonellae from egg white solids.
Silliker and Taylor (1958) determined that neither 
overwhelming numbers of coltform organisms nor an 
unfavorable imbalance in the ratio of coliforms to 
salmonellae greatly affected the selectivity of Selenite or 
Tetrathionate enrichment broths for salmonellae. instead, 
the performance of these broths were greatly diminished by 
the addition of many kinds of food materials. Gelatin and 
albumen caused the most striking inhibition of salmonellae 
recoveries. The degree to which the selectivity of 
enrichment broths was altered was shown to be directly 
proportional to the amount of soluble material in the sample 
and was in no manner influenced by either the strains of 
organisms employed or the differences between the enrichment 
broths.
Rappaport et al. (1956) developed a magnesium chloride 
malachite green containing medium for isolation of 
Salmonella other than Salmonella typhl. Collard and Unwin 
(1958) verified the superiority of Rappaport's medium and 
it is widely used in England.
Gram Negative broth introduced by Hajna (1955) was
22
the first enrichment medium designed for the isolation of 
Shigella as well as Salmonella. Taylor and Schelhart (1968) 
found that Gram Negative broth performed extremely well for 
isolation of Salmonella and shigella from stool specimens.
Guin6e _et al. (1965) working with pig feces found 
salmonellae to be present in 114 out of 505 samples of feces. 
He said that the salmonellae isolated represented 32 
different serotypes and the isolation of particular types 
was not limited to a particular enrichment medium.
Following the enrichment step in the isolation of 
Salmonella is the selective plating procedure. The United 
States Food and Drug Administration suggests the use of 
Salmonella-Shigella (SS) agar, Bismuth Sulfite agar, and 
Brilliant Green agar for streaking of growth from the 
enrichment broths.
SS agar is a highly selective medium, allowing the 
growth of fewer organisms that might falsely appear to be 
Salmonella than roost other media. This selectivity permits 
the use of a heavy inoculum thereby increasing the chances 
of isolating Salmonella. Because of its long history of 
outstanding results, SS agar is possible the single most 
frequently used media for Salmonella isolations. To insure
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a maximum number of isolations; a non-selective medium such 
as MacConkey agar is normally used in conjunction with a 
highly selective medium such as SS agar. MacConkey (1908) 
developed this neutral red and bile salt containing medium 
to give clear cut distinction between Salmonella and shigella 
types and the coliforms, while not inhibiting more fastidious 
or weakened enteric organisms.
Bismuth Sulfite agar was developed by Wilson and Blair 
(1927, 1931) and modified by the same workers (1938) for use 
in water and milk inspection. It is especially effective 
for the isolation of Salmonella typhi and organisms from the 
Arizona group.
Eosin Methylene Blue agar is a differential medium 
designed to aid in the detection and isolation of all Gram- 
negative intestinal pathogens. This medium distinguishes 
lactose fermenters from non-lactose fermenters and since it 
allows growth of fastidious organisms it is recommended for 
use in combination with the highly selective media such as 
SS agar.
Brilliant Green agar was designed for the isolation of 
Salmonella other than Salmonella typhosa from stools. It 
has been reported by many workers including Banwart and
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Ayres (1953) to support more luxuriant growth of various 
species of Salmonella than do other media* Raj (1966) 
tested the efficiency of SS agar, Brilliant Green agar, 
MacConkey agar, Bismuth Sulfite agar, and Brilliant Green 
Sulfapyridine agar for the recovery of Salmonella 
typhimuriuro and Salmonella enteritidis* He reported that 
for Salmonella typhimurium. Brilliant Green agar gave the 
highest per cent recovery, followed by MacConkey agar, 
Bismuth Sulfite agar. Brilliant Green Sulfapyridine agar 
and ss agar in that order. For Salmonella enteritidis, 
MacConkey agar gave the highest per cent recovery, followed 
by Brilliant Green agar. Bismuth Sulfite agar. Brilliant 
Green Sulfapyridine agar and SS agar in that order. Taylor 
et al. (1964) reported overgrowth and spreading of Proteus 
on Brilliant Green agar but this may have been due to 
improper sterilization which is critical in the preparation 
of this medium, sterilization for exactly 15 minutes at 
121°C is essential since a longer time decreases the 
selectivity of the medium and processing for a shorter time 
leaves the medium somewhat inhibitory to Salmonella.
in addition to the above media, a few other selective 
plating media have been recently reported as being excellent
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for the isolation of Salmonella. The Brilliant Green- 
Neutral Red-Lactose agar of Slavin (1943) for isolation of 
Salmonella from pig feces has been reported by sharma and 
Packer (1969) to be excellent for isolation of Salmonella 
from cow as well as pig feces. The procedure they used in 
their evaluation study of culture media involved the 
addition of one ml of feces, that had been diluted to a 
liquid consistency, to nine ml of enrichment broth. Then 
they inoculated each tube with four cells of Salmonella.
Gitter (1959) mixed 30 strains of Salmonella cholerae 
suis with a pig's intestinal contents and after 24 hr 
incubation at 37°C, he was only able to recover 11 on 
MacConkey agar, while he was able to recover 29 on Brilliant 
Green-Neutral Red-Lactose agar.
Recently, two new media have been introduced for the 
isolation of Salmonella and Shigella. They are Xylose 
Lysine Desoxycholate agar (XLD) and Hektoen Enteric agar. 
Taylor (1965) reported on the development of a new group of 
selective agars based on the ability of certain enteric 
organisms to produce acid from xylose and decarboxylate 
lysine. In various publications (Taylor and Harris, 1967; 
Taylor and Schelhart, 1968, 1968a) it was reported that XLD
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agar was the best for the isolation of Salmonella and 
Shigella from human feces. They claim a greater degree of 
differentiation than was found with EMB or MacConkey agars 
and greater sensitivity for fastidious bacteria than with 
SS, Brilliant Green or Bismuth Sulfite agars, isenberg et 
al. (1969) reported superior isolation of Salmonella and 
shigella from an artificial mixture of fecal bacteria using 
XLD agar and Hektoen Enteric agar. King and Metzger (1968a) 
examined 2,855 stool specimens with SS agar, EMB agar and 
their new Hektoen Enteric agar (1968) and found a higher 
frequency of isolation with Hektoen than with the others. 
Hektoen Enteric agar contains greater quantities of peptone 
to offset the inhibitory effects of bile salts on enterics 
plus additional carbohydrates and larger quantities of those 
previously used to differentiate pathogens from some of the 
slow lactose fermenters.
Since a limit must always be set on the number of 
different media and procedures which can be used during 
routine examinations, a corresponding limit also has to be 
set on the combined efficiency of the procedures used. Not 
even a very laborious combination of methods can be expected 
to yield quite 100% of the isolations that are technically
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possible. According to Jameson (1962) when this rather 
unpalatable conclusion is accepted, a way is opened up for 
compromises between endeavor and reward, in terms of 
salmonella isolations, sometimes modifications lead to the 
increased efficiency of a technique, while in other cases, 
modifications reduce labor without diminishing efficiency.
MATERIALS AND METHODS
I. Survey
A survey of all the egg packing plants in Louisiana 
was conducted. The only plants in the state that were not 
included in the study were those in which the management 
did not desire to participate. One of the objectives of 
this survey was to evaluate the prevalence of salmonellae 
in the wash water and on the eggs. Total plate counts of 
the wash water and eggs were made. Also, an analysis was 
run to determine the level of chlorine being used in the 
wash water. An information sheet was completed on each 
plant which included such things as condition of bathroom 
facilities, general condition of plant, presence or absence 
of offensive odors, how often the wash water was changed, 
whether the plant was air-conditioned or properly 
ventilated, and whether a u S D A inspector was on duty 
at the plant.
Wash water samples and a dozen eggs were taken at each 
plant before the start of operation in the morning and
28
29
every hour thereafter until the wash water was changed.
For the total plate counts, a one ml sample of wash 
water was added to nine ml of sterile 0.1% peptone diluent. 
These were taken to the laboratory and serial dilutions were 
made. Then from each dilution a one ml aliquot was placed 
in duplicate sterile Petri dishes and about 20 ml of 
Tryptone Glucose Extract Agar (Difco Laboratories) were 
poured into each plate. They were then swirled, allowed to 
solidify, and incubated in an inverted position at 22°c for 
72 hours. After incubation the number of colonies was 
counted using a Quebec colony counter. The average of the 
two countable plates was multiplied by the reciprocal of 
the dilution factor and was recorded as the total number of 
bacteria per ml of wash water.
The eggs were sampled by swabbing one square centimeter 
of each egg shell with a sterile cotton swab. Each cotton 
swab was placed in a sterile tube containing nine ml of 
0.1% peptone and vigorously shaken. From this, serial 
dilutions were made and one ml aliquots from each dilution 
were aseptically pipetted into duplicate sterile Petri 
dishes. About 20 ml of Tryptone Glucose Extract Agar were 
poured into each plate. The plates were swirled, allowed
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to harden and Incubated in an inverted position for 72 
hours at 22°C. The number of colonies was counted on a 
Quebec colony counter and the average from the two 
countable plates was multiplied by the reciprocal of the 
dilution factor and recorded as the total number of 
bacteria per square centimeter of egg shell.
For the salmonellae analyses, ten ml aliquots of the 
wash water at each time interval were placed into 90 ml 
of Selenite Cystine Broth (Difco Laboratories) and another 
ten ml were added to 90 ml of Tetrathionate Broth (Difco 
Laboratories). The egg samples were brought back to the 
laboratory and blended for two minutes in a sterile Waring 
Blender. Ten ml of this blended egg were added to 90 ml 
of Selenite Cystine Broth and another ten ml were added to 
Tetrathionate Broth. The procedure employed for the 
subsequent identification of salmonellae from these 
samples was the one recommended by the Food and Drug 
Administration described in detail in Materials and 
Methods part II.
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II. Oral inoculation
A. standardization of inoculum. A Bausch and Lomb 
Spectrophotometer 20 was used to standardize inocula of 
Salmonella senftenberg, Salmonella thompson, and Salmonella 
typhimurium. The wavelength which permitted maximum 
transmittance was found to be 510 mm. The 
spectrophotometer was allowed to warm up and a sterile 
cuvette containing sterile physiological saline to be 
used as a standard was inserted. The necessary adjustment 
to 100% transmittance was carried out.
The stock culture of Salmonella senftenberg was
inoculated into a sterile tube of Brain Heart infusion
Broth (Difco Laboratories) and incubated for 24 hours at 
*
35°C. The broth culture was used to streak slants of Brain 
Heart infusion Agar (Difco Laboratories) which were in turn 
incubated for 24 hours at 35°C. Following incubation, each 
slant was washed with approximately three ml of sterile 
physiological saline. One ml of the resulting suspension 
was then transferred with a sterile pipette into a sterile 
spectrophotometer cuvette. A transmittance of 50% (0.3 OD) 
was obtained by adding sterile physiological saline with 
intermittent shaking of the cuvette to insure thorough
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mixing.
This Salmonella senftenberg suspension was serially 
diluted and triplicate counts were taken at each decimal 
dilution using a pour plate technique with Brain Heart 
Infusion Agar. The procedure was carried out ten separate 
times in triplicate to insure consistent results. It 
was determined that one ml from the standardized cuvette
Q
containing the suspension gave 3.8 x 10 cells of Salmonella 
senftenberg.
The entire procedure was repeated ten times in 
triplicate for Salmonella thompson. The results obtained
g
here were 4,0 x 10 .
For the third time, the entire procedure was repeated 
ten times in triplicate for salmonella typhimurium. The
O
results obtained here were 4.4 x 10 .
B. Preliminary Preparation. An isolated room was used 
in which 12 cages with individual feed and water containers 
were installed. The entire room was cleaned and 
disinfected with a lysol solution. Following this, 12 
White Leghorn type hens, 12 - 16 months old, were placed 
in the cages. These birds were maintained on a complete 
laying ration mixed at the L S U Poultry Science Research
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Farm, prior to the start of the inoculation experiment, 
ten samples taken from different locations within the feed 
supply were analyzed for salmonellae. The water supply was 
also analyzed for salmonellae. In addition to these 
analyses, feces and egg samples were taken from each of the 
12 birds for five consecutive days and tested for the 
presence of salmonellae. The results from analyses of the 
feed, water, feces, and egg samples were found to be 
negative. These preliminaries were carried out four 
different times, once for the control run (sterile 0.1% 
peptone) and once for each of the three species of 
Salmonella tested.
C. Inoculation Procedure. Each hen was orally 
inoculated every day for ten consecutive days. Using 
sterile five ml pipettes, a predetermined quantity of 
inoculum was introduced into the crop of each hen.
For the control run, each bird was orally inoculated 
with 2.5 ml of sterile 0.1% peptone each day. For the 
other three experiments the objective was to orally 
inoculate approximately one million cells each day into 
each bird. in order to insure the desired inoculum the 
following procedure was used:
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For Salmonella senftenberg the cell suspension from
g
the cuvette containing 3,8 x 10 cells per ml was serially 
diluted 1 - 1000. Then 2.6 ml from this dilution yielded 
approximately one million cells.
For Salmonella thompson the cell suspension from the
Q
cuvette containing 4.0 x 10 cells per ml was serially 
diluted 1 - 1000. Then 2.5 ml from this dilution yielded 
approximately one million cells.
For Salmonella typhimurium the cell suspension from
g
the cuvette containing 4.4 x 10 cells per ml was serially
diluted 1 - 1000. Then 2.25 ml from this dilution yielded
approximately one million cells.
D. Collection and Handling of Samples. Each day
approximately ten grams of feces were removed from under
each bird with a sterile tongue depressor and was put into
two six - ounce prescription bottles, one containing 90 ml
of tetrathionate broth and the other containing 90 ml of
selenite cystine broth. The bottles were then thoroughly
shaken, the caps were slightly loosened and then the
o
bottles were incubated for 24 hours at 35 C.
A pair of forceps was dipped in ethyl alcohol, then 
passed thru a flame and allowed to cool prior to picking
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up each egg. The eggs were placed in sterile mylar bags 
which were identified with numbers corresponding to the 
hen number. The exterior and interior of each egg was 
analyzed for the presence of salmonellae.
Each egg was carefully dropped from the mylar bag onto
sterile cheesecloth. Plastic gloves were used which were
sanitized by dipping in a 1000 parts per million chlorine
solution. After dipping in the chlorine solution, the
gloved hands were then rinsed with sterile distilled water.
Then the egg shell was thoroughly swabbed with a piece of
sterile cotton that had been moistened with sterile
distilled water. Next, the entire piece of cotton was
placed into a six - ounce prescription bottle containing
90 ml of selenite cystine broth and thoroughly shaken.
Then the cap was slightly loosened and it was incubated
o
for 24 hours at 35 C.
Then the previously swabbed egg was placed into a 
beaker containing a 300 parts per million chlorine solution 
and allowed to remain there for three minutes. From here 
it was dipped into three beakers, in series, containing 
sterile distilled water. Next, the shell was cracked and 
the contents of the egg were dropped into a sterile waring
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Blender. Fifty ml of sterile distilled water were added 
and this was blended for two minutes. Ten ml aliquots of 
the blended egg were added to two six-ounce prescription 
bottles, one containing 90 ml of selenite cystine broth and 
the other containing 90 ml of tetrathionate broth. These 
were shaken, the caps were loosened, and they were 
incubated for 24 hours at 35°C.
Following the incubation period in the selenite 
cystine and tetrathionate broths, all samples (feces, 
exterior egg, and egg meat) were handled according to the 
same procedure. The procedure followed was the one 
prescribed by the Food and Drug Administration. This 
procedure entailed the following:
The dry surfaces of selective agar plates were 
streaked from the enrichment broths. The selective agars 
used were Bismuth Sulfite, Brilliant Green, and SS.
These plates were incubated for 24 hours at 35°C and well 
isolated, typical salmonellae colonies were picked and 
inoculated into Triple Sugar iron Agar slants (Baltimore 
Biological Laboratories). The negative plates were 
incubated an additional 24 hours and if any typical 
colonies appeared, they were also inoculated into TSI
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slants. All plates were held in the refrigerator for a 
few days in case it was necessary to pick additional 
colonies, if the colonies were not well isolated, then a 
loopful was placed in selenite cystine "broth, incubated 
for six to 18 hours, and restreaked on the various 
selective agars.
The colonies from the selective agar plates were 
surface-streaked and stabbed into the butt of the slants. 
Then the TSI slants were incubated for 24 hours at 35°C. 
After incubation, all tubes having alkaline (red) slants 
and acid (yellow) butts were considered presumptively 
positive for salmonellae. Also, the presence of gas 
(cracking or gas pockets in the agar) and H2S (black) was 
, recorded.
Biochemical and serological tests were done on growth 
from the presumptive positives in the following manner.
Urea broth (Difco Laboratories) was inoculated with 
growth from a TSI slant and incubated for 24 hours at 35°C. 
Those cultures producing urease (an alkaline reaction, 
indicated by a red color) were discarded and recorded as 
negative for salmonellae.
Tryptone broth (Difco Laboratories) was inoculated
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with growth from a TSI slaut and incubated for 24 hours at 
35°C. Following incubation, one loopful of the Tryptone 
broth was transferred to a tube of KCN broth (Difco 
Laboratories) and it was incubated for 48 hours at 35°C.
This KCN broth was examined for growth. Then a portion of 
the Tryptone broth was removed and tested for the presence 
of indole. To the remainder of the Tryptone broth an equal 
amount of formalized saline was added. Then 0o5 ml of this 
formalized Tryptone broth culture was pipetted into a 10 x 
75 mm tube. Next 0.5 ml of polyvalent H antiserum was 
added and the tube was incubated for one hour at 50 to 52°C 
in a water bath. After one hour it was examined for 
precipitation of agglutinated cells to determine the 
presence or absence of polyvalent H antigen.
Lysine Decarboxylase broth (Difco Laboratories) was 
inoculated with growth from a TSI slant0 After inoculation, 
the caps were tightened and the tubes were incubated at 
35°C for 96 hours. The tubes were examined daily and 
growth without a change in the purple color was considered 
to be typical for salmonellae, while a change in color tc 
yellow (acid) was recorded as negative.
Lactose, Sucrose, and Dulcitol broths were inoculated
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with growth from a TSI slant. They were incubated at 35°C
and examined after 24 and 48 hours for the presence or
absence of acid and gas.
Malonate broth (Difco Laboratories) was inoculated with
growth from a TSI slant and incubated at 35°C for 48 hours.
A positive test for the utilization of malonate was
indicated by a change of the indicator to blue (alkaline),
Koser citrate broth (Difco Laboratories) was inoculated
with growth from a TSI slant and incubated for 96 hours at
35°C. The presence of growth indicated the ability of the
organism to utilize citrate as a sole carbon source.
Two tubes of MR-VP medium were inoculated with growth
from a TSI slant for each isolate. One of the tubes was
incubated for 48 hours at 35°C, After incubation it was
checked for the presence of acetylmethylcarbinol (VP test).
o
The other tube was incubated for 96 hours at 35 C. It was 
checked for the presence of acid (MR test).
In addition to these biochemical tests and a flagellar 
agglutination test, all cultures were tested for agglutin­
ation with polyvalent 0 serum and group 0 serum. Also, all 
cultures that gave typical biochemical reactions but 
negative polyvalent 0 agglutination was tested with Vi serum.
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Cultures exhibiting typical biochemical reactions for 
salmonellae and that gave individual o group reactions and 
positive polyvalent H antiserum agglutination were recorded 
as being members of the genus salmonella.
Since known species of Salmonella were used, the group 
O serum specific for the organisms used had to be 
agglutinated for a positive recovery to be recorded.
III. pH Experiment
The purpose of this experiment was to attempt to 
determine what effect, if any, the pH of the hen's 
digestive tract had on the three species of Salmonella 
used in this study. In essence this was an ^n vitro 
experiment to determine whether the pH per se had a 
detrimental effect on Salmonella senftenberg, Salmonella 
thompson, and Salmonella typhimurium.
According to Farner (1942), the pH of the various 
sections of a chicken's digestive tract is as follows: 
crop, 4.5; proventriculus, 4.4; gizzard, 2.6; small 
intestine, 5.8-6.4; large intestine, 6.3. also, the 
literature indicated that the generally accepted time 
required for food passage in laying hens was approximately
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four hours.
Buffered solutions of pH 4.5, 4.4, 2.6, 6.2, and 6.3 
were prepared as prescribed by Michaelis (Veronal Buffer 
System).
The four hours alloted for food passage were divided 
among the five sections of the digestive tract in the 
following manner: crop, 30 minutes? proventriculus, 15 
minutes? gizzard, 90 minutes; small intestine, 90 minutes? 
large intestine, 15 minutes.
The Bausch and Lomb Spectrophotometer was used to aid 
in getting the initial inoculum of cells to about one 
million per ml of buffered solution. For example, it was 
previously determined that at 50% transmittancy
Q
approximately 4.4 x 10 cells of Salmonella typhimurium 
were present. Therefore nine ml of 0.1% peptone diluent, 
to which was added one ml of the above mentioned cell
7
suspension contained 4.4 x 10 cells. One ml of this was 
pipetted into 43 ml of each of the buffered solutions and 
this resulted in approximately one million cells per ml.
Approximately one million cells per ml of each of the 
three Salmonella species were placed into separate beakers 
containing buffered solutions of pH 4.5, 4.4, 2.6, 6.2 and
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6.3 and left in the beakers for 30, 15, 90, 90, and 15 
minutes respectively. The buffered solutions were tempered 
to 40°c prior to inoculation and kept at this temperature 
for the duration of the experiment.
In an attempt to show the combined effect of all of 
the above mentioned pH and time intervals, another beaker 
was used. For this, about one million cells per ml were 
placed in a buffered solution of pH 4.5 and incubated for 
30 minutes at 40°C. Following this time interval, the pH 
in the beaker was adjusted to 4.4 with 0.1 N HCl and 
replaced in the incubator for 15 minutes. Next, the pH was 
readjusted to 2.6 with 0.1 N HCl and incubated for 90 
minutes. The pH was then readjusted to 6.2 with 2 N NaOH 
and incubated for 90 minutes. Following this, the pH was 
readjusted to 6.3 with 2 N NaOH and incubated for another 
15 minutes. The total incubation period of this beaker was 
240 minutes or four hours.
The number of surviving cells per ml from each beaker 
following incubation was counted by two different methods 
of enumeration.
First, from each beaker serial dilutions were made 
ranging from 1:10 to 1:1,000,000. From each of these
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dilutions, duplicate plates of Brain Heart Infusion Agar 
were streaked and incubated for 24 hours at 35°C. The 
average of the two countable plates was multiplied by the 
reciprocal of the dilution and recorded as the number of 
cells per ml.
In addition to counting the organisms in this manner, 
a most probable number technique was employed. The 
procedure used here was the one prescribed by the American 
Public Health Association, Inc, With this procedure, 
appropriate decimal dilutions were prepared by pipetting 
11 ml from each dilution into a 99-ml sterile water blank. 
Ten-ml aliquots were then pipetted into five replicate tubes 
containing ten ml of double-strength selenite broth (Difco 
Laboratories) for each of the serial dilutions and
o
thoroughly shaken. These tubes were incubated at 35 C for 
24 hours. After incubation a large loopful of broth was 
streaked on the dry surface of freshly prepared Bismuth 
Sulfite Agar plates, SS Agar plates, and Brilliant Green 
Agar plates. The quadrant streaking technique was employed 
to allow for well isolated colonies. The SS and Brilliant 
Green plates were incubated for 24 hours at 35°C, while the 
Bismuth Sulfite plates were incubated for 48 hours at 35°C.
44
For presumptive identification, typical Salmonella colonies 
were picked from the selective agar plates and inoculated 
into SIM (Difco Laboratories) and TSI agar slants. These
possible to definitely identify an organism as Salmonella 
on the basis of a single differential medium, all the TSI 
tubes exhibiting typical Salmonella reactions were 
confirmed by resorting to biochemical reactions and 
serological typing. The number of confirmed tubes in each 
dilution was recorded. Next, the three highest positive 
dilutions were selected and the numerical value was 
determined by calculating the MPN (most probable number) 
according to the following formula:
IV. comparison of Methods
During the course of this study it became of interest 
to know how the methods prescribed by the Food and Drug 
Administration would compare with some other methods 
reported in the literature. With this objective in mind,
tubes were incubated for 24 hours at 35°C. Since it is not
Number from Dilution of
M.PN table x middle tube
100
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the following experiment was conducted using chicken feces, 
turkey roll, and egg meat.
Cultures of Salmonella senftenberg, Salmonella 
thompson, and salmonella typhimurium were grown and 
standardized as previously described.
In preliminary studies to determine the desired 
inoculum, it was found that approximately two cells per 
tube of enrichment broth provided the optimum level for 
this study. This low level of inoculation was used since 
the objective of the study was to evaluate the efficiency 
of various recovery media when only small numbers of 
salmonellae were present.
It was found that the test organisms used in this
g
study yielded approximately 4.0 x 10 cells per ml at 50% 
transmittancy on a Bausch and Lomb Spectrophotometer. The 
standardized cell suspensions were serially diluted one to 
100,000,000 times. This yielded four cells per ml, 
therefore 0.5 ml from this dilution gave the desired 
inoculum of two cells.
Fifty grams of chicken feces, 50 grams of turkey roll, 
and 50 grams of egg meat were each added to 200 ml of 
sterile distilled water and each blended for two minutes in
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a Waring Blender. These dilutions were made to facilitate 
pipetting involved in the transfer of these materials to 
the enrichment broth tubes.
The efficiencies of four enrichment broths and eight 
plating media for the isolation of Salmonella senftenberg. 
Salmonella thompson, and Salmonella typhimurium from poultry 
products were tested.
The enrichment broths tested were Gram Negative (Difco 
Laboratories), Rappaport's Enrichment, Selenite Cystine, 
and Tetrathionate. There were 36 possible combinations of 
enrichment broths, Salmonella species, and test material 
(egg meat, feces, turkey roll). All combinations were 
tested by adding one ml of test material and 0.5 ml (two 
cells) of each Salmonella species to nine ml of each 
enrichment broth. These tubes were incubated for 18 to 24 
hours at 35°C.
Following incubation, each of the enrichment broth 
tubes were used to streak the eight different plating media. 
The plating media streaked for isolation were Brilliant 
Green Agar, Brilliant Green-Neutral Red-Lactose Agar,
Bismuth Sulfite Agar, Eosin Methylene Blue Agar (Difco 
Laboratories), Hektoen Enteric Agar (Difco Laboratories),
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Mac Conkey Agar (Difco Laboratories), SS Agar, and XLD Agar
(Difco Laboratories). This gave a total of 288 streaked
plates. These plates were incubated at 35°C for 24 hours
and well isolated; typical colonies, if any, were picked
and inoculated into slants of Triple Sugar iron Agar.
Negative plates were incubated an additional 24 hours and
any typical colonies from these plates were also inoculated
into TSI agar slants. The TSI tubes were incubated for 24 
o
hours at 35 C. All tubes having alkaline (red) slants and 
acid (yellow) butts were considered as positive presumptive 
for Salmonella. The positive presumptive isolates were 
tested biochemically and serologically for confirmation. 
Those confirmed were recorded as positive, those not 
confirmed were recorded as negative.
RESULTS AND DISCUSSION
I. Survey
The main purpose of this phase of the study was to get
some idea of the prevalence of salmonellae in the wash water
and on the eggs taken from various grading stations
throughout the state of Louisiana. A composite list of
these plants and their locations may be seen in Appendix
Table I. More detailed information concerning each plant is
presented in Appendix Table n.
Aerobic plate counts (APC) were made on the wash water
and egg shells from each plant. The data obtained from
these samples are shown in Appendix Table ill. The APC of
3
the wash water ranged from as low as 2.3 x 10 per ml at one
7plant, to as high as 9.6 x 10 per ml at another plant. It 
would seem that when the bacterial content of the wash water
g
approaches 1.0 x 10 per ml, the washing operation could
easily be termed the inoculation phase. The APC from the
4
egg shells rarely exceeded 1.0 x 10 per square centimeter 
of shell surface.
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Appendix Table iv shows the results obtained from the 
salmonellae analysis of the wash water and egg samples 
taken from the plants. Of the 88 samples of wash water 
analyzed, two were found to contain organisms from the 
genus Salmonella. Of the 264 eggs examined, none were 
found to be positive for Salmonella.
Since this was only a survey and it was of interest to 
get the total picture of all plants in the state, each 
plant was sampled only once. Due to the distances involved 
and the need for immediate analysis, only one plant was 
sampled each trip. it is realized that if numerous 
observations were made from each plant, different results 
might have been obtained and the data could have been 
statistically analyzed. Since the data compiled from this 
survey do not lend itself to statistical analysis, 
definite statements cannot be made concerning this phase 
of the study.
The plants employing egg washers which did not recycle 
the wash water consistently yielded very low counts from 
their wash water and egg samples.
Many of the plants visited were lacking in good 
sanitary facilities. In some extreme cases, the bathroom
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facilities were found to be inoperable. In most cases, 
hand washing facilities were far from adequate. Also, some 
very offensive odors were easily detected throughout some 
of the plants and especially in and around the egg washer.
It should be pointed out that while no salmonellae 
were detected in the samples from some of these plants, the 
APC and the general lack of good sanitation would strongly 
suggest that the potential for salmonellae and other 
pathogens was present.
II. oral inoculation
In recent years the poultry industry has frequently 
been accused of being responsible for outbreaks of 
salmonellosis in humans. Many poultry research workers 
believe that these accusations are, for the most part, 
unwarranted, if the poultry products have been wrongly 
incriminated then it should be possible to remove this 
guilt through research. If on the other hand, the poultry 
products are definitely shown to be the source of 
salmonellosis then it is the responsibility of the poultry 
industry and research workers in this field to determine 
the most likely modes of entry of these organisms so that
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methods may he found to control salmonellae contamination 
of these foods.
The purpose of this section of the study was to 
determine the destiny of the Salmonella organisms once 
ingested by the laying hen. An attempt was made to recover 
these organisms from the feces, egg shell, egg contents, 
and body tissues of laying hens that had been orally 
inoculated with large numbers of Salmonella for ten 
consecutive days. The three species of Salmonella selected 
for this study have been frequently mentioned in the 
literature as being associated with eggs and egg products.
It was intended that each bird orally receive 
approximately 1,000,000 viable cells of Salmonella each day 
for ten days. An actual count was made each day on the 
cell suspensions that were used to inoculate the laying 
hens and the results of these counts are shown in Appendix 
Table V.
The first group of laying hens were inoculated each 
day with 205 ml of sterile 0.1% peptone, as they were to 
serve as the controls. The second group of laying hens 
was inoculated with viable cells of Salmonella senftenberg, 
the third group with salmonella thompson, and the fourth
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group with Salmonella typhimuriuro. The day by day results 
recorded from these four separate experiments are presented 
in Appendix Tables VI, VII, VIII, and IX respectively.
Table 1 summarizes the results from Appendix Tables 
VI - IX. The results in this table show that for the 
control experiment, there were 120 fecal samples, 94 
exterior egg examinations, and 94 egg meat examinations. 
From this total of 308 samples, none were found to be 
positive for the genus Salmonella. When Forsythe est al. 
(1967) did their oral inoculation experiment, they reported 
some positive recoveries from the group of laying hens 
comprising the control. They attributed this to cross 
contamination, since the birds which served as their 
controls and the other birds which received oral 
inoculations of Salmonella, were caged in the same room not 
very far apart. For our study, the four inoculation 
experiments were conducted consecutively, rather than 
simultaneously, to avoid any possibility of cross 
contamination.
It may be noted from Table 1 that approximately 25% 
of the fecal samples were found to contain the species of 
Salmonella that had been orally inoculated. The group of
Table 1. Summary Table Showing Percent of positive Recovery Following
Oral Inoculation of Laying Hens
Organism Material Sampled Total Number
Control Feces 120
Exterior Egg 94
Egg Meat 94
Salmonella
senftenberg Feces 120
Exterior Egg 79
Egg Meat 79
Salmonella
typhimurium Feces 120
Exterior Egg 79
Egg Meat 79
Salmonella
thompson Feces 120
Exterior Egg 74
Egg Meat 74
% Positive
0
0
0
24.2
7.6
0
20.8
6*3
0
28.3
9.5
1.4
ui
w
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laying hens inoculated with S. thompson gave the highest 
percentage o£ positive recovery from the fecal samples, 
28.3%; while the £. senftenberg group was second with 24.2%; 
and the j3. typhimurium group showed the fewest with 20.8%. 
The percentages of positive recoveries from egg shell 
examinations were less than 10% for all three species 
tested. One possible explanation for this low percent of 
recovery may be that the majority of these eggs were free 
of visible adhering fecal material. The individual cages 
were constructed in such a manner as to allow the freshly 
laid egg to roll out of the cage and consequently away from 
the hen. This cage design is very similar to those used in 
commercial laying operations and was responsible for the 
clean appearance of most of the eggs.
The results from the analysis of the interior contents 
of these eggs were almost entirely negative. For the 
senftenberg and £;. typhimurium groups no positive 
recoveries were made. However, for the thompson group, 
one out of 74 egg meat samples was found to be positive.
The shell of this positive egg may have been cracked, thus 
allowing the organism to contaminate its interior portion. 
Another possibility is that a portion of the shell of this
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egg may have fallen into the blendor along with the egg 
meat, if so, and if this shell fragment contained some 
contaminated fecal material it would seemingly explain this 
lone positive recovery out of a total of 232 egg content 
samples.
Tables 2, 3, and 4 show on what particular days 
positive recoveries were made from the fecal and egg 
samples of each hen. it was thought that if the data were 
presented in this manner, it would be easier to recognize 
a trend of positive recoveries. However, these tables do 
not in any way indicate a trend of any kind. In fact they 
more clearly indicate the inconsistencies encountered in an 
experiment of this nature. For example, in Table 2, hens 
4, 5, and 12 produced eggs with cells of S. senftenberg 
present on the shell but the organism was not detected in 
the fecal samples from these birds on those particular days. 
Examples similar to these can also be found in Tables 3 and
4. Also, from the 36 hens which orally received 
Salmonella, three completely failed to produce feces or 
eggs which contained these organisms. These three were 
hens number six, nine, and ten from the s. typhimurium 
group.
Table 2. Salmonella senftenberg. Recovery From Orally Inoculated Laying Hens
____________ Days of Positive Recovery____________
Hen Humber Feces Exterior Egg Egg Meat
1 3,5,10
2 1,9
3 4,7,8
4 1,2 3
5 2,6 4
6 4,8,10
7 2,3 2
8 5,7,8
9 1,4,5,9 9
10 2,4,9
11 4 4
12 3 5
u*i
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Table 3 . Salmonella thompson. Recovery From Orally inoculated Laying Hens
____________ Days of positive Recovery____________
Hen Number Feces Exterior Egg Egg Meat
1 2,6,10
2 1,2,6,8
3 3 6
4 2,5,7,8
5 1,3,4,9
6 4,7,8 5,7,9 7
7 2,3,7,8
8 4,10
9 2,3,9
10 6 3,6
11 1,5,10 1
12 7,10
tn
Table 4. Salmonella typhimurium. Recovery From Orally Inoculated Laying Hens
Hen Number
1
2
3
4
5
6
7
8 
9
10
11
12
____________ Days of Positive Recovery____________
Feces Exterior Egg Egg Heat
3,4,5,7,10 4
1,2,6,10
2 3 
4,5,10
1.4.8
3.5.8 6
3 9
1,6,9
3,5
ui
00
Normally one might suspect there would be a build up 
of bacteria in hens following repeated inoculations, which 
would have resulted in a greater percentage of positive 
recoveries toward the end of each ten day trial. As can be 
seen from the data presented in Tefoles 2, 3, and 4, this 
was not the case.
Table 5 shows the analysis of variance for Salmonella 
recovery from feces following oral inoculation. According 
to this table there is a highly significant difference 
between different inocula used in this study. The four 
different inocula were sterile 0.1% peptone, senftenberg,
S. thompson, and j>. typhimurium.
Table 6 shows the corrected means of the inocula 
expressed as percent positive recovery from feces following 
oral inoculation. It is obvious that the sterile 0.1% 
peptone solution is different from the other three inocula. 
It should also be pointed out that there is a significant 
difference at the 0.05 level of probability between the £3. 
thompson and the s~ typhimurium inoculum. This conclusion 
is arrived at by considering the true mean to be encompassed 
by two times the standard error, it can be seen that if the 
standard error of £3. typhimurium, which is 3.50, is
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Table 5 
Analysis of Variance 
Salmonella Recovery From Feces Following Oral Inoculation
Source D.F. M.S. F.
Total 479
Inoculum 3 1.91 12.94**
Hen 11 0.12 0.84
Day 9 0.08 0.53
Inoculum x Hen 33 0.12 0.82
inoculum x Day 27 0.07 0.45
a/
Error 396 0.15
a/ Pooled interactions.
** Significant at the 0.01 level of probability.
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Table 6
Corrected Means of percent positive Salmonella Recovery 
From Feces Following Oral inoculation
Inoculum % Positive Recovery Standard Error
Sterile 0.1% 
peptone 0.00 3.50
Salmonella
senftenberg 24.16 3.50
Salmonella
thompson 28.33 3.50
Salmonella
tvphimurium 20.83 3.50
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multiplied by two and added to the value 20.83, it will not 
encompass the corrected mean value of S.. thompson, which is 
28.33.
Table 7 shows the analysis of variance for Salmonella 
recovery from egg exterior following oral inoculations. As 
shown in this table, there is a significant difference at 
the 0.05 level of probability between the different inocula 
used. By looking at the corrected means expressed as 
percent positive recoveries from egg exterior following oral 
inoculation (Table 8), various significant differences are 
observed. One is the highly significant difference between 
the control inoculum and the £>. senftenberg inoculum. Also, 
there is a highly significant difference between the control 
inoculum and the s.. thompson inoculum. However, no 
significance can be attached to the difference between the 
control inoculum and that of _S. typhimurium. Since the 
control is zero, there is a real difference between it and 
S.. tvphimurium. In addition to these, a significant 
difference is observed between the j5. typhimurium inoculum 
and the jS. thompson inoculum.
Table 9 shows the analysis of variance for Salmonella 
recovery from egg meat following oral inoculation.
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Table 7
Analysis of Variance
Salmonella Recovery From Egg Exterior Following
Oral inoculation
Source D.F. M.S. F.
Total 325
Inoculum 3 0.17 3.37*
Hen 11 0.03 0.56
Day 9 0.06 1.11
Inoculum x Hen 33 0.07 1.30
Inoculum x Day 27 0.04 0.78
s/
Error 243 0.05
a/ Pooled interactions.
* Significant at the 0.05 level of probability.
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Table 8
Corrected Means of Percent positive Salmonella Recovery 
From Egg Exterior Following Oral Inoculation
Inoculum % Positive Recovery Standard Error
Sterile 0.1% 
peptone 0.00 2.44
Salmonella 
senftenberq 8.38 2.80
Salmonella
thompson 11.03 2.81
Salmonella
typhimurium 4.69 2.88
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Table 9
Analysis of Variance
Salmonella Recovery prom Egg Meat Following 
Oral inoculation
Source D.F. M.S. F.
Total 325
Inoculum 3 0.003 1.06
Hen 11 0.004 1.21
Day 9 0.002 0.94
Inoculum x Hen 33 0.005 1.55
inoculum x Day 27 0.003 0.89
j/
Error 243 0.003
a/ Pooled interactions.
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There is no significance attached to any of the main effects 
or interactions presented in this table. These differences 
presented here were actually due to chance.
At the end of each of the four, ten day experiments, 
all 12 hens were sacrificed and tissue samples were 
aseptically removed from the ovaries, blood, liver, kidneys, 
heart, and lungs of each hen and analyzed. The results of 
these analyses are presented in Appendix Tables X, XI, XII, 
and XIII. These data are summarized in Table 10. The 
analyses of these tissues from all 48 experimental hens 
yielded 100% negative findings. Prior to analysis, these 
tissues were photographed in an attempt to detect any 
abnormalities which might have been present in those hens 
receiving the Salmonella inoculations when compared with 
the control hens. Abnormal lesions were observed in three 
different instances. Hen number eight from the £3. thompson 
group had a large number of white nodules present on the 
exterior portion of the small intestines. Hen number four 
from the _S. tvphimurium group had a few large purple spots 
present on the liver. Hen number six from the 
typhimurium group had an enlarged spleen which was 
approximately four times larger than a normal spleen.
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Table 10. Salmonellae Analysis of Tissues From
Laying Hens Orally inoculated
Inoculating
Material
Sterile 0.1% 
peptone
Salmonella
thompson
Salmonella
senftenberg
Salmonella
typhimurium
Blood. Heart, Kidney, Liver, Lung, Ovaries 
Number of Samples % Positive
72 0
72 0
72
72
0
0
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Since these tissues exhibiting the abnormalities did not 
yield the presence of Salmonella upon analysis, it seems 
hardly possible to attribute conclusively their occurrence 
to the oral ingestion of Salmonella organisms. However, it 
should be pointed out that no abnormalities of any hind 
were observed in the control hens or the S^ senftenberg 
group.
Daily records were kept on all hens from all four 
groups concerning the presence of any visible clinical 
signs. This was done for the purpose of relating these to 
the positive recoveries of Salmonella from the hen's fecal, 
egg, and tissue samples. This proved to be of no value 
since samples from hens exhibiting the clinical signs of 
vomiting and diarrhea proved to be negative for Salmonella 
on numerous occasions.
The results obtained in this oral inoculation study do 
not seem to validate the statements of some workers in the 
past to the effect that the ingestion of feed contaminated 
with Salmonella would ultimately result in the contents of 
the hen's eggs and tissues to be grossly contaminated with 
these organisms.
69
III. £11 Experiment
The purpose of this study was to determine the effect 
of the pH comparable to that of the laying hen's digestive 
tract on senftenberg, S. thompsonf and S.. typhimurium. 
This study was initiated mainly because of the low 
percentages of positive recoveries encountered in the oral 
inoculation studies. When one considers the large daily 
dosages that were administered, it seems unusual that the 
organisms were not detected consistently in the fecal 
samples. Therefore, this raised the question of the 
possible deleterious effect of the digestive tract's pH on 
the organisms tested.
This was an jLn vitro study in which the pH of each main 
section of the laying hen's digestive tract was simulated in 
the laboratory. By doing this, it was hoped that the effect 
of pH per se could be evaluated. When viable cells of £5. 
senftenberg were subjected to this test, the results which 
ensued are shown in Appendix Table XIV. These results 
indicate that the sections of the digestive tract with a pH 
closest to neutrality (small intestine, 6.2 and large 
intestine, 6.3) contribute to very little destruction of the 
£. senftenberg cells. Considerably more cells were
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destroyed at the pH which corresponded to the crop and 
proventriculus (4.5 and 4.4 respectively). At a pH of 2.6, 
which simulates the pH of the gizzard, almost total 
destruction resulted. Two methods of enumeration were 
employed; one utilizing Brain Heart Infusion agar and the 
other an MPN with double strength Selenite broth. For 
every pH tested, higher counts were found on BHI agar than 
with the MPN method. The MPN method usually has a tendency 
to overestimate the number of organisms present, but these 
results definitely do not indicate this. The reason for 
this Is probably that the cells surviving the pH test were 
in a weakened condition due to the forced environmental 
stress put on the cell. Therefore these physiologically 
inactive cells were able to grow more readily on the Brain 
Heart infusion agar than in the selective Selenite broth.
Appendix Table XV and XVI presents the data obtained 
when £3„ thompson and S. typhimurium were subjected to the 
same pH experiment. These results were very similar to 
those found in Appendix Table XIV.
It can be concluded from this study that the acidic 
nature of the chicken’s digestive tract contributed greatly 
to the destruction of Salmonella cells. None of the three 
species tested seemed to show a greater ability to survive
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under these harsh acidic conditions. Of all the sections 
of the digestive tract that were simulated, the gizzard was 
found to be the most critical test for the salmonella cell 
on its passage through the digestive tract of a laying hen.
The effect of chicken feces itself was thought maybe 
to be a contributing factor in the partial disappearance of 
the inoculated Salmonella cells. Since the fecal samples 
were taken only once every 24 hours, there seemed a 
possibility that the other types of organisms present in 
the feces or maybe some other inhibitory factor in the feces 
was contributing to the destruction of the Salmonella.
With this in mind, chicken feces were inoculated with the 
three species of Salmonella in question and incubated at 
room temperature for 24 hours. After incubation, the 
concentration of the salmonella cells present was 
determined by using the MPN method of enumeration. The 
results of this can be seen in Table 11. These results 
seem to indicate one of two possibilities, either the 
Salmonella were able to multiply in the feces or the method 
of enumeration that was used overestimated the number 
present. The latter would seem the more likely of the two. 
In any case, it would seem that the organisms were not
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Table 11. Effect of Feces on Salmonella
Organism
Salmonella
senftenberg
Salmonella
thompson
Salmonella
typhimurium
Original inoculum 
per Gram of Feces
1.0 x 10
1.1 x 10
9.1 x 10'
Number of Organisms 
Recovered per Gram of 
Feces by the MPN Method
2.2 x 10
1.4 x 10
1.7 x 10
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being destroyed due to their extended contact with the fecal 
material,
IV. Comparison of Methods
Percentages of recovery of Salmonella in the 
inoculation phase of this study were probably minimal 
figures due in part to inaccuracies inherent in the 
isolation and identification procedures. The objective of 
this study was to determine if the media prescribed by the 
pood and Drug Administration were as efficient as some 
others for the isolation of _S. senftenberg, j>. thoropson, 
and typhimurium from poultry feces and poultry food 
products. The comparison of all possible media was beyond 
the scope of this study, so it was limited to media 
suggested for use by the united states Food and Drug 
Administration and various other media that have been 
consistently reported as superior for the Isolation of 
salmonellae from feces or food.
Since it is important that egg processors obtain 
evidence to show that Salmonella are not present in their 
products, the media employed must permit the detection of 
very small numbers of these organisms. The level of
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inoculum used in this study was roughly two cells.
Various enrichment broths have been developed to 
facilitate the isolation of small numbers of Salmonella from 
feces, urine, infected tissue, and water. However, no media 
have been designed for use with egg products, therefore 
investigators interested in determining the incidence of 
Salmonella in these products have to employ broths meant for 
the enrichment of Salmonella in other materials. The 
enrichment broths that were tested in this study were Gram 
Negative broth, Rappaport's broth, Selenite Cystine broth, 
and Tetrathionate broth. The relative value of any 
enrichment broth seems to be dependent upon the selectivity 
of the solid media upon which it is subsequently streaked. 
The solid media tested in this study were Brilliant Green 
agar, Brilliant Green-Neutral Red-Lactose agar, Bismuth 
Sulfite agar, Eosin Methylene Blue agar, Hektoen agar, 
Macconkey agar, Salmonella-Shigella agar, and XLD agar.
into each tube of enrichment broth, approximately two 
cells of either senftenberg, £3. thoropson, or j>. 
typhimurium were added, plus one ml of either blended egg 
meat, blended chicken feces, or blended turkey roll. After 
18 to 24 hours of Incubation, the eight different selective
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agar plates were streaked from each tube of enrichment 
broth. The results from these 288 samples are given in 
Appendix Table XVII.
Table 12 shows the number of positive recoveries in 
this experiment with reference to the species of Salmonella 
inoculated. Positive recoveries were made in 30.2% of the 
tubes inoculated with j3. senftenberg. The tubes inoculated 
with j3. thompson produced 24.0% positive recoveries. 
However, the tubes in which S^. typhimurium cells had been 
placed, yielded only 9.4% positive recoveries. There is a 
vast difference between the percentage of positive 
isolations of typhimurium and the other two species of 
Salmonella. However, it should be pointed out that s. 
typhimurium produced fewest positive recoveries in the oral 
inoculation study also. But the differences observed in 
the oral inoculation study were not near as great as they 
are in this experiment. One possibility may be that the 
broths and agars tested in this study were more efficient 
in detecting S_. senftenberg and thompson than S. 
typhimurium. Since there are so many hundreds of different 
serotypes of Salmonella, and since the media employed were 
designed with the isolation of all members of the genus
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Table 12. The Number of Positive isolations Associated 
With the Species of Salmonellae Inoculated
organism Total Number Number positive
Salmonella
senftenberg 96 29
Salmonella
thoropson 96 23
Salmonella
typhimurium 96 9
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salmonella rather than directed to any one serotype, this 
possibility would seemingly always be present.
Table 13 shows the percentages of positive isolations 
associated with the type of material being examined. This 
table shows a tremendous difference in the percentage of 
positive isolations from egg meat as compared to chicken 
feces and turkey roll. This difference may be explained by 
pointing out that chicken feces and turkey roll both contain 
a great number of interferring, non-pathogenic organisms, 
such as coliforms. These extraneous organisms tend to 
reduce the chances of isolating Salmonella by simply 
outnumbering them, whereby making it more difficult to 
recognize a typical Salmonella colony in an overcrowded 
area on the selective plating media. The egg meat contains 
very few extraneous organisms and this makes the isolation 
and identification of Salmonella much easier.
Table 14 shows the percentage of positive isolations 
associated with the four different enrichment broths 
tested. Approximately 25% positive isolations were made 
from Gram Negative, Rappaport's, and Selenite Cystine 
broth. However, from Tetrathionate broth only 5% positive 
isolations were found. This would seem to indicate that
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Table 13. The Number of positive isolations Associated
With the Type of Material Inoculated
Material inoculated Total Number Number Positive
Egg Meat 96 48
Chicken Feces 96 7
Turkey Roll 96 6
1
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Table 14 . The Efficiency of the Different Enrichment
Broths Used in Salmonellae Analysis
Enrichment Broth Total Number Number Positive
Gram Negative 72 17
Rappaport's 7 2 20
Selenite cystine 72 20
Tetrathionate 72 4
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Tetrathionate broth is inferior to the other three broths 
tested for the isolation of senftenberg, £J. thompson, 
and S . typhimurium.
Table 15 shows the percentage of positive isolations 
associated with the eight different selective plating media 
that were utilized in this study. From this data it can be 
seen that Salmonella-Shigella agar produced the highest 
percentage of positive isolations (41.7%) . Eosin Methylene 
Blue agar and Hektoen agar were a distant second (22.2% 
each) and Bismuth Sulfite agar and XLD agar yielded the 
lowest percentage of positive isolations (13.9%). In an 
attempt by researchers to develop media that would greatly 
inhibit coliform and other extraneous organisms, media that 
partly or totally inhibit some of the various serotypes of 
Salmonella have resulted. This is the main reason why some 
of these selective agars seem to perform so poorly.
The analysis of variance shown in Table 16 is the 
comparison of various enrichment broths and plating media 
for the isolation of Salmonella from feces, egg meat, and 
turkey roll. This table shows that all the main effects - 
bacteria, material, broth, and agar - were highly 
significant. In addition, the following interactions were
Table 15. The Efficiency of the Different Selective plating
Media Used in Salmonellae Analysis
Selective Agar Total Number Number Positive
Brilliant Green 36 7
Brilliant Green Neutral 36 7
Red Lactose
Bismuth Sulfite 36 5
Eosin Methylene Blue 36 8
Hektoen 36 8
MacConkey's 36 6
Salmonella-Shigella 36 15
XLD 36 5
cc
H
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Table 16 
Analysis of Variance 
Comparison of Various Enrichment Broths and Plating Media
for the Isolation of Salmono11a from Feces, Egg Meat and
Turkey Roll
Source D.F. M.S. F.
Total 287
Bacteria 2 1.10 14.87**
Material 2 5.98 81.08**
Broth 3 0.81 10.97**
Agar 7 0.29 3.87**
Bacteria x Agar 14 0.11 1.43
Material x Agar 14 0.06 0.84
Broth x Agar 21 0.06 0.78
Bacteria x Material 4 1.05 14.24**
Bacteria x Broth 6 0.36 4.89**
Material x Broth 6 0.70 9.55**
Error 208 0.07
a/ Pooled interactions.
** Significant at the 0.01 level of probability.
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highly significant; bacteria x material, bacteria x broth, 
and material x broth. The other three single order 
interactions (bacteria x agar, material x agar, and broth x 
agar) were not significant.
Tables 17, 18, and 19 give the corrected means and 
standard error for the three highly significant interactions 
(bacteria x material, bacteria x enrichment broth, and 
material x enrichment broth, respectively).
The differences between the three species of Salmonella 
tested in this study were highly significant. The 
percentage of positive isolation for S. senftenberg and S. 
thompson were much higher than that of S.. typhimurium. This 
difference may be due to the physiological differences which 
could exist between these different serotypes. Another 
possibility is that the broths and agars used may not have 
been as efficient for the detection of S^. typhimurium as for 
the other two species. There also appears to be a 
significant difference between S. senftenberg and 
thompson. However, since the percentage recovery is 
dependent upon materials more explanation will be made in 
the discussion of interactions.
The differences between the materials tested in this
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Table 17
Corrected Means and Standard Error for Bacteria and
Material Interaction 
(Expressed in Percent Positive Recovery)
1
Bacteria 
2 3 X
Mate­
rial
1 75.00i 4.80 59.37± 4.80 15.62i4.80 50.00+ 2.77
2 6.25± 4.80 3.12±4.80 12. 50± 4. 80 7.29± 2.77
3 9.37± 4.80 9.37±4.80 O.OOi 4.80 6.25± 2.77
X 30.20± 2.77 23.95± 2.77 9.37± 2.77 21.18± 1.60
Bacteria 1 = Salmonella senftenberg 
Bacteria 2 - Salmonella thompson 
Bacteria 3 = Salmonella typhimurium 
Material 1 = Egg Meat 
Material 2 = Feces 
Material 3 = Turkey Roll
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Table 18
Corrected Means and standard Error for Bacteria and 
Enrichment Broth interaction 
(Expressed in percent Positive Recovery)
1
Bacteria 
2 3 X
Broth
1 33.33+5.54 33.33 +  5.54
1
4.1 6 ± 5.54 23.61 +  3.20
2 41.66±5.54 33.33+ 5.54 8.3 3 ± 5.54 27. 77± 3.20
3 45.83± 5.54 25. 00+ 5.54 12.50± 5.54 27. 77± 3.20
4 0.00+15.54 4.16+5.54 12.50± 5.54 5. 55± 3.20
X 30.20+ 2.77 23.95± 2.77 9. 37± 2.77 21.18± 1.60
3acteria 1 r Salmonella senftenberg 
Bacteria 2 r Salmonella thompson 
Bacteria 3 r Salmonella typhimurium 
Broth 1 k Gram Negative 
Broth 2 a Rappaport's 
Broth 3 = Selenite Cystine 
Broth 4 r Tetrathionate
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Table 19
Corrected Means and Standard Error for Material and 
Enrichment Broth interaction 
(Expressed in Percent positive Salmonella Recovery)
1
Material 
2 3 X
Broth
1 66.67+ 5.54 4.17+5.54 0.00+5.54 23.61+3.20
2 66.67+: 5.54 16.67+ 5.54 0.00+5.54 27.77+3.20
3 58. 33+ 5. 54 4. 17+15.54 20.83+15.54 27.77+ 3.20
4 8.33 +  5.54 4.1 7 ± 5.54 4.17 +  5.54 5.55+3.20
X 50.0 0 ±  2.77 7.29+ 2.77 6.25+2.77 21.18+1.60
Material 1 = Egg Meat
Material 2 - Feces 
Material 3 = Turkey Roll 
Broth 1 = Gram Negative
Broth 2 = Rappaport's
Broth 3 = Selenite Cystine
Broth 4 = Tetrathionate
study were also highly significant. The percentage of 
positive isolations of Salmonella inoculated into blended 
egg meat was significantly higher than those inoculated into 
blended feces and blended turkey roll. The egg meat was 
relatively free of any extraneous organisms, while the 
feces and turkey roll contained large numbers of many 
different genera of bacteria. This fact was the reason for 
the difference between the materials tested.
The differences between the four enrichment broths 
tested in this study (Table 18) were highly significant.
Gram Negative, Rappaport's, and Selenite Cystine broths 
yielded significantly higher percentages of positive 
Salmonella recovery than did Tetrathionate broth. One 
explanation for this difference may be that no matter how 
efficient an enrichment is claimed to be, when dealing with 
hundreds of serotypes of Salmonella, it can not be expected 
to efficiently enrich each and every one. in fact, to some 
extent, it will inhibit some of the serotypes. This is 
probably the reason that Tetrathionate performed so poorly 
in the isolation of these three Salmonella species. In fact 
with Tetrathionate broth, 0.0% positive recovery from _S. 
senftenberg resulted from 12 isolations.
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Table 16 shows a highly significant bacteria x material 
interaction. As shown in the body of Table 17 there is a 
particularly high recovery of £>. senftenberg and S_. thompson 
from egg meat with S, typhimurium being low in comparison. 
But . typhimurium had the highest recovery from chicken 
feces, however, all three values were lower than with egg 
meat. From turkey roll, £>. typhimurium isolations were 
lowest of the three, in fact, none out of 12. S. 
senftenberg and S. thompson were higher. But once again 
these values from turkey roll as a whole were considerably 
lower than those from egg meat.
As shown in Table 19, Rappaport's enrichment broth is 
significantly superior to Gram Negative, selenite cystine, 
and Tetrathionate broths for the recovery of the three 
species tested from chicken feces.
The efficiency of Selenite Cystine broth to detect 
Salmonella from turkey roll is very significantly greater 
than Rappaport's, Gram Negative, and Tetrathionate broths.
The choice of proper laboratory procedures is an 
essential prerequisite for the isolation of any 
microorganism. The conventional methods which are presently 
recommended for the isolation and identification of
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salmonellae are both tedious and time consuming. However, 
one must remember that despite the great strides in 
methodology and the increased efficiency claimed by various 
workers in the field, much room for improvement still 
exists.
SUMMARY
A survey of all the egg packing plants in Louisiana 
was conducted and wash water and egg samples were picked up 
from each plant. The bacterial analysis of these samples
3
showed that the APC of the wash water ranged from 2.3 x 10 
7
to 9.6 x 10 per ml. The APC of the egg samples was
4
consistently less than 1.0 x 10 per square centimeter of 
shell surface. When plants did not recycle the wash water, 
the bacterial counts from the wash water and egg shell 
surfaces were found to be considerably lower. From 88 
samples of wash water obtained, two were positive for 
salmonellae. None of the 264 egg samples contained 
salmonellae.
Laying hens were orally inoculated each day for ten 
consecutive days with approximately one million viable 
cells of £J. senftenberg, s_. thompson, or £3. typhimurium.
The control group of hens was orally inoculated with sterile
0.1% peptone. Fecal, egg, and tissue samples were analyzed 
from these hens. None of the samples (fecal, egg, or
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tissue) from this control group were found to contain 
salmonellae. Approximately 25% of the fecal samples were 
found to contain the species of salmonella that had been 
orally inoculated. Less than 10% of the egg shell 
examination from the Salmonella-inoculated birds yielded a 
positive isolation. Only one out of 232 egg meat samples 
was found to contain Salmonella. The tissue samples 
(blood, ovaries, liver, lungs, heart, and kidneys) were all 
found to be negative regardless of inoculum.
The effect of the pH of a laying hen's digestive tract 
on the destruction of S. senftenberg, £5. thompson, and S.. 
typhimurium was evaluated. It was found that the pH which 
corresponded to the gizzard (2.6) almost totally destroyed 
all three species of Salmonella tested.
For the isolation of j3. senftenberg, j3. thompson, and 
typhimurium from poultry feces and poultry products, the 
efficiency of four different enrichment broths and eight 
different selective plating media were compared. Selenite 
Cystine, Rappaport's, and Gram Negative broths yielded 
approximately 25% positive isolations. Tetrathionate broth 
proved to be the most inefficient of the four tested, 
yielding only 5% positive recoveries. Salmonella-Shigella
92
agar was the most efficient of the eight selective plating 
media tested. It yielded 41.7% positive recoveries. 
Bismuth Sulfite and XLD agars were the most inefficient, 
yielding only 13.9% positive isolations.
CONCLUSIONS
Prom the results presented herein, the following 
conclusions can be drawn:
1. Egg washing plants that do not recycle the wash 
water have a much lower bacterial concentration in 
the wash water and on the egg shell surfaces.
2. Although poor sanitation was practiced in many of 
these plants, a low incidence of salmonellae was 
detected in the wash water and eggs.
3. Salmonella ingestion by the laying hen does not 
result in the contamination of her body tissues or 
the interior contents of her eggs.
4. Salmonella recoveries from the feces and shell 
surfaces of eggs from hens that have been orally 
inoculated are inconsistent.
5. The pH of the laying hen's digestive tract is very 
destructive to the Salmonella organisms.
6. All three species of Salmonella tested in this 
study were more easily isolated from egg meat than
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from chicken feces and turkey roll.
7. There is no significant difference between Gram
Negative, Rappaport's and Selenite Cystine for the 
isolation of s.. senftenberg, £. thompson, and 
typhimurium from poultry feces and poultry 
products. However, all three were significantly 
superior to Tetrathionate broth.
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Appendix Table I.
Plant Name 
Tall Pines 
Rainbow 
"Louisiana" Egg producers 
pontchatoula Egg Graders Co. 
Ralston Purina 
Eddie Cosgrove 
James Newsham (Hand Operation) 
Cajun Egg Co„
Cones Farm Products 
Post Oak Farm 
Black Lake poultry Farm
Plant Code Sheet
Plant Location 
Baton Rouge, La. 
Baton Rouge, La. 
Springfield, La. 
Pontchatoula, La.
Hammond, La. 
Pontchatoula, La. 
Pontchatoula, La. 
Sulfur, La. 
Sibley, La. 
Stonewall, La. 
Coushatta, La.
continued 106
Appendix Table I. (continued)
Plant Name 
Jack Sims 
LeRoy Smith 
Wardle Egg Co. 
McCormick Poultry 
King's Poultry 
Red River Egg Co. 
J. H. Heflin
Plant Location
DeRidder, La. 
DeRidder, La. 
DeRidder, La.
Monroe, La. 
Ferriday, La. 
Alexandria, La. 
Shreveport, La.
Appendix Table II. Information Sheet on Egg Packing Plants
Number of USDA Sanitary
Plant
Egg Washing 
Machines
Type of 
Machine
Recycling of 
Wash Water
Chlorine
Used
Inspector 
on Duty
Condition 
of Plant
1 2 Kuhl Yes NO Yes Poor
2 1 Seymour Yes NO NO Good
3 2 Kuhl Yes Yes Yes Good
4 2 Kuhl Yes Yes NO Fair
5 2 Seymour Yes Yes Yes Good
6 1 Kuhl Yes NO No Poor
7 1 Tub Type, Small Hand Operation
8 1 Seymour Yes No Yes Fair
9 1 Seymour Yes Yes Yes Fair
10 1 Aquamagic No Yes NO Good
continued
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Appendix Table II. (continued)
Plant
Number of 
Egg Washing 
Machines
Type of 
Machine
Recycling of 
Wash water
Chlorine
Used
USDA 
Inspector 
on Duty
Sanitary 
Condition 
of plant
11 1 Seymour Yes Yes No Fair
12 1 Seymour Yes Yes No Good
13 1 Aquamagic No Yes No Good
14 1 Seymour Yes Yes Yes Good
15 1 Seymour Yes Yes NO Fair
16 1 Seymour Yes Yes NO Good
17 Refused to participate in Survey
18 Refused to Participate in Survey
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Appendix Table in. Total Aerobic Plate Count of Wash Water and Egg Shells
from Various Egg Packing Plants in Louisiana
Egg Shells^ 
(Colonies/cc 
of Egg Shell)
a/ Wash Water
Plant Machine Time (Colonies/ml) Egg 1 Egg 2
1 . 1 0 9.7 X 106 1.7 X 10 3 3.1 X io3
1 5.5 X 106 1.8 X 10 3 4.0 X io3
2 1.1 X io7 1.1 X 10 3 4.5 X 10 3
3 3.3 X io7 4.8 X 10 3 1.0 X 103
4 3.4 X 10 7 1.9 X io3 1.6 X io3
2 0 3.1 X io7 2.4 X 10 3 2.5 X 103
1 9.6 X 107 1.1 X 10 4 6.8 X 10 3
2 6.4 X 107 4.2 X 10 3 3.5 X 10 3
3 3.8 X 10 7 2.4 X 10 3 8.6 X 10 3
continued
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Appendix Table III. (continued)
Wash Water
Plant Machine Time (Colonies/ml)
4 3.0 x 10^
2 1 0  1.4 x 105
1 7.0 x 105
2 2.7 x 105
3 2.4 x 105
4 3.0 x 105
3 1 0 2.6 x 103
1 3.7 x 103
2 2.3 x 103
Egg Shells 
(Colonies/cc2 
of Egg Shell)
Egg 1 Egg 2
2.4 X 10 3 2.8 X 10 3
<3.0 X 10 2 <3.0 X io2
<3.0 X io2 <3.0 X 10 2
<3.0 X 10 2 <3.0 X IO2
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X 102
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X io2
continued
Appendix Table III. (continued)
Wash Water
Plant Machine Time (Colonies/ml)
3 4.4 x 103
4 1.4 x 104
2 0 3.3 x 103
1 1.3 x 104
2 1.4 x 104
3 3.3 x 104
4 2.0 x 104
4 1 0  <3.0 x 103
1 6.8 x 104
Egg Shells^ 
(Colonies/cc 
of Egg Shell)
Egg 1 Egg 2
<3.0 X 102 <3.0 X 10 2
<3.0 X 10 2 <3.0 X 10 2
<3.0 X io2 <3.0 X io2
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X 10 2
<3.0 X io2 <3.0 X 102
<3.0 x 10 2 <3.0 X io2
<3.0 X io2 <3.0 X 10 2
continued
Appendix Table III. (continued)
Wash Water
Plant Machine Time f Colonies/ml)
2 5.9 x 105
3 5.3 x 105
4 5.8 x 105
2 0 6.9 x 103
1 3.2 x IO5
2 1.6 x 106
3 2.1 x 106
4 2.4 x 106
5 1 0 4.3 x 103
Egg Shells^ 
(Colonies/cc 
of Egg Shell)
Egg 1 Egg 2
<3.0 X io2 <3.0 X 10 2
<3.0 X io2 <3.0 X 102
<3.0 X xo2 <3.0 X io2
<3.0 X 102 <3.0 X 102
<3.0 X io2 <3.0 X xo2
<3.0 X 10 2 <3.0 X 10 2
<3.0 X 10 2 <3.0 X io2
<3.0 X 10 2 <3.0 X io2
3.1 X 10 2 3.7 X io2
continued
Appendix Table III. (continued)
Plant Machine
2
Wash Water 
Time (Colonies/ml)
1 3.4 x 105
2 8.9 x 105
3 7.8 x 105
4 9.7 x 105
0 4.5 x 104
1 5.7 x 103
2 1.1 x 105
3 3.5 x 105
4 4.6 x 105
Egg Shells2 
(colonies/cc 
of Egg Shell)
Eqq_l Egg 2
<3.0 X 102 <3.0 X io2
3.6 X io2 4.4 X io2
<3.0 X 10 2 3.4 X 102
<3.0 X 102 4.0 X io2
6.4 X io2 <3.0 X 10 2
<3.0 X io2 <3.0 X io2
<3.0 X io2 3.1 X
CMOr—1
6.6 X io2 <3.0 X O
to
<3.0 X O t
o
3.2 X
CMO
 
>—1
continued
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Appendix Table III. (continued)
Wash Water
Plant Machine Time (Colonies/ml)
6 1 0 3.1 x 103
1 1.2 x 106
2 3.9 x 106
3 5.4 x 106
4 9.7 x 106
3
7 Hand Operation 3.9 x 10
8 0 8.2 x 106
1 4.0 x 107
7
2 1.1 x 10
Egg Shells2 
(Colonies/cc 
of Egg Shell)
Eqq 1 Eqq 2
<3.0 X io2 <3.0 X io2
7.3 X 10 2 <3.0 X io 2
7.9 X
2
10 4.2 X
2
10
4.3 X io3 9.6 X 10 2
<3.0 X io2 2.4 X 10 3
<3.0 X io2 <3.0 X io2
3.2 X 10 3 2.9 X 10 3
1.0 X 410 4.8 X 10 3
8.3 X
3
10 3.5 X 10 3
continued
Appendix Table III. (continued)
Wash Water
Plant Machine Time (Colonies/ml)
9 1 0  <3.0 x 103
1 6.3 x 103
2 <3.0 x 103
3 <3.0 x 103
4 <3.0 x 103
10 1 0 <3.0 x 103
11 1 0 1.4 x 107
1 2.8 x 107
2 6.2 x 107
Egg Shells2 
(Colonies/cc 
of Egg Shell)
Egg 1 Egg 2
<3.0 X 10 2 <3.0 X
2
10
<3.0 X 10 2 <3.0 X 102
<3.0 X 10 2 <3.0 X io2
<3.0 X
2
10 <3.0 X
2
10
<3.0 X io 2 <3.0 X
2
10
<3.0 X io 2 <3.0 X io2
<3.0 X io2 <3.0 X io2
<3.0 X io2 <3.0 X
2
10
<3.0 X io2 <3.0 X
2
10
continued
Appendix Table ill. (continued)
Plant Machine Time
Egg Shells 
(Colonies/cc2 
of Egg Shell)
XQ93rOni.es/ml) ■B23 .1 Egg _2
3 5.0 X 107 in«CO X 10 2 <3.0 X 10 2
4 7.0 X io7 3.5 X io2 <3.0 X 10 2
12 1 0 <3.0 X io3 <3.0 X 10 2 2.6 X 103
1 <3.0 X 103 <3.0 X io2 3.0 X io2
2 1.4 X 104 8.9 X io 2 <3.0 X 102
3 2.1 X io4 7.7 X 10 2 4.7 X io2
4 1.3 X !04 1.5 X 10 3 <3.0 X io2
13 1 0 <3.0 X 10 3 6.6 X 10 2 4.3 X 10 2
continued
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Appendix Table III. (continued)
plant Machine
14 1
15 1
Wash Water 
Time (Colonies/ml)
0 <3.0 x 103
1 <3.0 x 103
2 <3.0 x 103
3 <3.0 x 103
4 <3.0 x 103
0 3.1 x 102
1 4.1 x 104
2 3.2 x 104
3 5.1 x 104
Egg Shells 
(Colonies/cc 
of Egg shell)
Egg 1 Egg 2
<3.0 X
CMoH
<3.0 X io2
<3.0 X 10 2 6.6 X io2
<3.0 X 102 <3.0 X io 2
4.6 X io2 <3.0 X
CMoH
<3.0 X 10 2 <3.0 X io2
3.2 X io2 <3.0 X 10 2
1.0 X 10 4 <3.0 X 10 2
<3.0 X io2 <3.0 X
CMOr-t
5.0 X io2 <3.0 X
2
10
continued
Appendix Table III. (continued)
Egg Shells 
(Colonies/cc2
Plant Machine Time
Wash Water 
(Colonies/ml) Egg 1 Egg 2
4
4
2.2 x 10 <3.0 x
2
10 <3.0 x
2
10
16 1 0
4
5.9 x 10 <3.0 x
2
10 <3.0 x
2
10
1
4
7.3 x 10 <3.0 x
2
10 <3.0 x
2
10
2
4
6.1 x 10 <3.0 x
2
10 3.8 x
2
10
17
18
Refused to participate in Survey 
Refused to participate in Survey
a/ 0 - Start of washing operation of 
plant for the day
1 z One hour after start of operation
2 - Two hours after start of operation
3 - Three hours after start of
operation
4 = Four hours after start of
operation
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2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Appendix Table IV. Salmonellae Analysis of Egg Packing Plants
Wash water________   Eggs
Number of Number of
Samples Positive Samples Positive
10 1 30 0
5 0 15 0
10 0 30 0
10 1 30 0
10 0 30 0
5 0 15 0
2 0 6 0
5 0 15 0
5 0 15 0
2 0 6 0
5 0 15 0
5 0 15 0
2 0 6 0
5 0 15 0
5 0 15 0
2 0 6 0
Refused to Participate in Survey
Refused to Participate in Survey
p
toG
Appendix Table V. Inoculation Table
 _______________________________ Organism____________________________________
Salmonella senftenberg Salmonella thompson Salmonella tvphimurium
1 j-* • to X
6
10 1.1 X 106 1.0 X io6
2 1.2 X 10 6 9.8 X io5 9.5 X io5
3 9.3 X io5 1.3 X xo6 1.1 X
V0O
 
i—I
4 1.1 X io6 1.0 X io6 1.0 X io6
5 8.8 X 10 5 1,1 X 10 6 1.1 X io6
6 1.0 X io6 1.2 X 10 6 8.7 X 10 5
7 1.1 X
610 9.7 X io5 1.0 X 106
8 9.3 X 10 5 1.0 X io6 1.1 X 106
9 1.1 X io6 9.8 X io5 1.0 X 106
(continued)
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Table V . (continued)
_______  Organism_____________________________________
Salmonella senftenberg Salmonella thompson Salmonella typhimurium
Days
10 9.5 x 105 9.9 x 105 9.0 x 105
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Appendix Table VI. Oral Inoculation of Laying Hens with Sterile 0.1% Peptone
a/
Day
Quantity
(ml)
2.5
2.5
Detection of Salmonellae
Hen Feces Egg Exterior Egg Meat
1 0 0 0
2 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0
12 0 0 0
1 0 0 0
2 0 0 0
3 0
4 0
5 0
6 0
continued
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Appendix Table VI. (continued)
Detection of Salmonellae
Day
Quantity
(ml)
2.5
Hen Feces Egg Exterior Egg Meat
7 0
8 0
9 0 0 . 0
10 0
11 0 0 0
12 0
1 0 0 0
2 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
continued
Appendix Table VI. (continued)
Detection of Salmonellae
Day
Quantity
 (S.4JL .
2.5
2.5
Hen Feces Egg Exterior Egg Meat
12 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
1 0
2 0 0 0
3 0 0 0
continued HtoLT.
Appendix Table VI. (continued)
Detection of Salmonellae
Quantity 
Day (ml)
2.5
Hen Feces Egg Exterior Egg Meat
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0
10 0 0 0
11 0
12 0 0 0
1 0 0 0
2 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0
7 0 0 0
8 0 0 0
continued 126
Appendix Table VI. (continued)
Detection of Salmonellae
Quantity
(ml)
2.5
Hen Feces Egg Exterior Egg Meat
9 0 0 0
10 0
11 0 0 0
12 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0
8 0
9 0
10 0 0 0
11 0 0 0
12 0 0 0
continued
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Appendix Table VI. (continued)
pay
8
Quantity
(ml)
2.5
2.5
Detection of Salmonellae
Hen Feces Egg Exterior Egg Meat
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
1 0
2 0 0 0
3 0
4 0 0 0
5 0 0 0
continued
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Appendix Table VI. (continued)
Detection of Salmonellae
Day
Quantity
(ml)
10 2.5
Hen Feces Egg Exterior Egg Meat
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
1 0
2 0
3 0 0 0
4 0 0 0
5 0
6 0 0 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
continued
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Appendix Table VI. (continued)
________Detection of Salmonellae_________
Quantity
(ml) Hen Feces Egg Exterior Egg Meat
11 0 0 0
12 0 0 0
a/ 1 = Positive 
0 r Negative
Appendix Table VII. Oral Inoculation of Laying Hens With Salmonella senftenberg
Level of 
Inoculum
1.2 x 106
1.2 x 106
Detection of salmonella senftenberg
Hen Feces Egg Exterior Egg Meat
1 0 0 0
2 1 0 0
3 0
4 1
5 0 0 0
6 0
7 0
3 0 0 0
9 1 0 0
10 0 0 0
11 0 0 0
12
1 0 0 0
2
3 0 0 0
4 0 0 0
5
6 0 0 0
a/
continued
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Appendix Table VII. (continued)
Level of 
Day Inoculum
9.3 x 105
Detection of salmonella senftenberg
Hen Feces Egg Exterior Egg Meat
7 1 1 0
8 0
9 0
10 1
11 0 0 0
12 0 0 0
1 1 0 0
2 0 0 0
3 0 0 0
4 0 1 0
5 0 0 0
6 0
7 1
8 0 0 0
9 0 0 0
10 0 0 0
11 0
continued
Appendix Table VII- (continued)
Level of 
Day Inoculum
1.1 x 106
8.8 x 105
Detection of Salmonella senftenberg
Hen Feces Egg Exterior Egg Meat
12 1 0 0
1 0
2 0 0 0
3 1
4 0 0 0
5 0 1 0
6 1 0 0
7 0 0 0
8 0 0 0
9 1 0 0
10 1 0 0
11 1 1 0
12 0
1 1
2 0 0 0
3 0
continued
13 
3
Appendix Table VII. (continued)
Level of 
Day Inoculum
1.0 x 106
Detection of Salmonella senftenberg
Hen Feces Egg Exterior Eqg Meat
4 0
5 0
6 0
7 0 0 0
S 1
9 1
10 0
11 0
12 0 1 0
1
2
3 0 0 0
4 0 0 0
5 1 0 0
6 0 0 0
7 0
8 0 0 0
continued 134
Appendix Table VII. (continued)
Level of 
Day inoculuin
Detection of Salmonella senftenberg
1.1 x 106
Hen Feces Egg Exterior Egg Meat
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
1 0 0 0
2 0 0 0
3 1 0 0
4 0 0 0
5 0 0 0
6 0 0 0
7 0 0 0
3 1 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0 0 0
continued
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Appendix Table VII. (continued)
Level of 
Day Inoculum
8 9.8 x 105
1.1 x 106
Detection of Salmonella senftenberg
Hen Feces Egg Exterior Egg Meat
1 0
2 0
3 1
4 0
5 0 0 0
6 1
7 0 0 0
8 1 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0
1 0 0 0
2 1 0 0
3 0 0 0
4 0 0 0
5 0 0 0
continued
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Appendix Table VII, (continued)
Level of 
Day Inoculum
10 9.5 x 105
Detection of salmonella senftenberq
Hen Feces Egg Exterior Egg Meat
6 ■ 0 0 0
7 0 0 0
8 0 0 0
9 1 1 0
10 1 0 0
11 0 0 0
12 0 0 0
1 1 0 0
2 0 0 0
3 0
4 0 0 0
5 0
6 1
7 0
8 0
9 0
10 0
continued
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Appendix Table VII. (continued)
Level of
Detection of Salmonella senftenberg
Day Inoculum Hen Feces Egg Exterior Egg Meat
11 0 0 0
12 0 0 0
a/ 1 r Positive 
0 z Negative
Appendix Table VIII. Oral Inoculation of Laying Hens with Salmonella thompson
Level of 
Day Inoculum
1 1.1 x 106
9.8 x 105
a/
Detection of Salmonella thompson
Hen Feces Egg Exterior Egg Meat
1 0
2 1
3 0
4 0
5 1
6 0 0 0
7 0 0 0
8 0 0 0
9 0
10 0
11 1 1 0
12 0 0 0
1 1
2 1 0 0
3 0 0 0
4 1 0 0
5 0
6 0
continued
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Appendix Table VIII. (continued)
Level of 
Day Inoculum
Detection of Salmonella thompson
1.3 x 106
Hen Feces Egg Exterior Egg Meat
7 1
8 0
9 1 0 0
10 0 0 0
11 0
12 0 0 0
1 0 0 0
2 0 0 0
3 1 0 0
4 0 0 0
5 1
6 0 0 0
7 1 0 0
8 0
9 1 0 0
10 0 1 0
11 0 0 0
continued
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Appendix Table VIII. (continued)
Level of 
Day inoculum
1.0 x 106
Detection of Salmonella thompson
1.1 x 106
Hen Feces Egg Exterior Egq Meat
12 0 0 0
1 0 0 0
2 0 0 0
3 0
4 0
5 1
6 1
7 0 0 0
8 1
9 0 0 0
10 0
11 0 0 0
12 0
1 0
2 0
3 0 0 0
continued
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Appendix Table VIII. (continued)
Level of 
Day inoculum
Detection of Salmonella thompson
1.2 x 106
Hen Feces Egg Exterior Egg Meat
4 1 0 0
5 0
6 0 1 0
7 0 0 0
8 0 0 0
9 0
10 0 0 0
11 1
12 0 0 0
1 1 0 0
2 1 0 0
3 0 1 0
4 0 0 0
5 0
6 0
7 0
8 0
continued
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Appendix Table VIII. (continued)
Level of
Detection of Salmonella thompson
Day inoculum Hen Feces Egg Exterior Egg Meat
9 0 0 0
10 1 1 0
11 0 0 0
12 0 0 0
7 9.7 x 105 1 0 0 0
2 0 0 0
3 0 0 0
4 1
5 0
6 1 1 1
7 1 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 1 0 0
continued
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Appendix Table VIII* (continued)
Level of 
Inoculum
8 1.0 x 106
Detection of Salmonella thompson
9.8 x 105
Hen Feces Eqq Exterior Eqq Meat
1 0 0 0
2 1 0 0
3 0 0 0
4 1 0 0
5 0
6 1
7 1 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0
12 0 0 0
1 0
2 0 0 0
3 0
4 0 0 0
5 1
continued
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Appendix Table VIII. (continued)
Day
10
Detection of Salmonella thompson
Level of 
Inoculum
9.9 x 105
Hen Feces Egg Exterior Egg Meat
6 0 1 0
7 0
8 0
9 1 0 0
10 0 0 0
11 0
12 0 0 0
1 1 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0
6 0
7 0 0 0
8 1
9 0 0 0
10 0 0 0
continued
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Appendix Table VIII. (continued)
Detection of Salmonella thompson
Level of
Day Inoculum Hen Feces Egg Exterior Egg Meat
11 1 
12 1
a/ 1 - Positive 
0 = Negative
Appendix Table IX. Oral Inoculation of Laying Hens With Salmonella typhimurium
Level of 
Day inoculum
6
1 1.0 x 10
9.5 x 105
B/
Detection of Salmonella typhimurium
Hen Feces Egg Exterior Egg Meat
1 0 0 0
2 1 0 0
3 0 0 0
4 0 0 0
5 1 0 0
6 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 1 0 0
12 0
1 0
2 1
3 1 0 0
4 0
5 0
6 0
continued
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Appendix Table IX. (continued)
Level of 
Day Inoculum
6
1.1 x 10
Detection of Salmonella typhimurium
Hen Feces Egg Exterior Egg Meat
7 0 0 0
8 0
9 0 0 0
10 0
11 0
12 0 0 0
1 1 0 0
2 0 0 0
3 0 1 0
4 0 0 0
5 0 0 0
6 0
7 1 0 0
8 1 0 0
9 0 0 0 '
10 0
11 0 0 0
continued
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Appendix Table IX. (continued)
Level of
Detection of Salmonella typhimurium
Day Inoculum Hen Feces Eqq Exterior Egg Meat
12 1
6
4 1.0 x 10 1 1 1 0
2 0
3 0
4 1
5 1
6 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
*- ' 11 0 0 0
12 0
5 1.1 x 106 1 1 0 0
2 0 0 0
3 0 0 0
continued
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Appendix Table IX. (continued)
Level of 
Da^ Inoculum
8.7 x 105
Detection of Salmonella typhimurium
Hen Feces Eqq Exterior Eqq Meat
4 1 0 0
5 0 0 0
6 0
7 1
8 0 0 0
9 0 0 0
10 0
11 0 0 0
12 1 0 0
1 0
2 1 0 0
3 0 0 0
4 0 0 0
5 0
6 0 0 0
7 0 1 0
8 0 0 0
continued
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Appendix Table IX. (continued)
Level of 
Day inoculum
1.0 x 106
Detection of Salmonella typhimurium
Hen Feces Egg Exterior Egg Meat
9 0 0 0
10 0
11 1 1 0
12 0 0 0
1 1 0 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0 0 0
12 0
continued
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Appendix Table IX. (continued)
Level of 
Day Inoculum
8 1.1 x 106
1.0 x 106
Detection of Salmonella typhimurium
Hen Feces Egg Exterior Egg Meat
1 0 0: 0
2 0
3 0
4 0 0 0
5 1
6 0
7 1 0 0
8 0 0 0
9 0 0 0
10 0 0 0
11 0
12 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0
5 0 0 0
continued
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Appendix Table IX. (continued)
Dax
10
Detection of Salmonella typhimurium
Level of 
Inoculum
9.0 x 105
Hen Feces Egg Exterior Egg Meat
6 0 0 0
7 0 0 0
8 0 1 0
9 0 0 0
10 0
11 1 0 0
12 0
1 1
2 1 0 0
3 0
4 1 0 0
5 0 0 0
6 0
7 0
8 0
9 0 0 0
10 0 0 0
continued
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Appendix Table IX. (continued)
Detection of Salmonella typhimurium
Level of
Day inoculum Hen Feces Egg Exterior Egg Meat
11 0 0 0
12 0 0 0
a/ 1 - positive 
0 - Negative
Appendix Table X. Salmonella Analysis of Tissues From Laying Hens
Orally Inoculated with Sterile 0.1% peptone
a/
Hen Blood Heart Kidney Liver Lung Ovar:
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
a/ 1 - Positive
0 - Negative
Appendix Table XI. Salmonella Analysis of Tissues From Laying Hens
Orally Inoculated with Salmonella senftenberg
Hen Blood Heart Kidney Liver Lung Ovaries
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
a/ 1 r Positive
0 r Negative
Appendix Table XII. Salmonella Analysis of Tissues From Laying Hens
Orally inoculated with Salmonella thompson
Hen Blood Heart Kidney Liver Lung Ovar;
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
a/ 1 r Positive
0 3 Negative
Appendix Table XIII. Salmonella Analysis of Tissues From Laying Hens
Orally inoculated with Salmonella typhimurium
Hen Blood Heart Kidney Liver Lung Ovaries
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
a/ 1 - positive
0 = Negative
Appendix Table XIV. Effect of pH of a Chicken's Digestive
Tract on Salmonella senftenberg
Section of Digestive Time
Tract Simulated pH (in Minutes)
Crop 4.5 30
Proventriculus 4.4 15
Gizzard 2.6 90
Small intestine 6.2 90
Large intestine 6.3 15
All of the 
Above in Series Varied 240
Number of Surviving Organisms
Original MPN
Inoculum BHI Agar (per ml)
1.1 X 106 7.2 X 10 5 3.5 X 105
1.1 X 106 5.5 X
5
10 1.3 X 105
1.1 X 10 6 8.0 X 101 2.0 X io'1
1.1 X 106 8.9 X io5 2.2 X 10 5
1.1 X 106 1.1 X 10 6 9.2 X io5
8.2 X 10 5 2.7 X 101 0
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Appendix Table XV. Effect of pH of a chicken's Digestive
Tract on Salmonella thompson
Section of Digestive Time
Tract Simulated pH (in Minutes)
Crop 4.5 30
Proventriculus 4.4 15
Gizzard 2.6 90
Small Intestine 6.2 90
Large intestine 6.3 15
All of the 
Above in Series varied 240
Number of Surviving Organisms
Original MPN
Inoculum BHI Agar (per ml)
9.8 X 10 5 00 • o X 105 7.9 X
o
 
1—1
kD CO X 10 5 7.4 X 105 1.3 X 106
KD 00 X 105 1.5 X
CMo
 
<—1 0
9.8 X 105 8.7 X 105 2.4 X 105
9.8 X 10 5 1.0 X 106 3.5 X 10 5
8.3 X io5 8.0 X 101 0
Appendix Table XVI. Effect of pH of a Chicken's Digestive
Tract on Salmonella typhimurium
Humber of Surviving Organisms
Section of Digestive 
Tract Simulated PH
Time 
(in Minutes)
Original
Inoculum BHI Agar
MPN 
(per ml)
Crop
1 
1/1  * 30 9.3 x 105 6.3 x 105 2.4 x 10
Proventriculus 4.4 15 9.3 x 105 8.7 x 105 1.4 x 10
Gizzard 2.6 90 9.3 x 105 1.8 x 102 0
Small Intestine 6.2 90 9.3 x 105 9.9 x 105 1.7 x 10
Large Intestine 6.3 15 9.3 x 105 1.0 x 106 5.4 x 10
All of the
Above in Series Varied 240 7.9 x 10 6.7 x 10 4.5 x 10
Appendix Table XVII. The Efficiency of Different Broths and plating
Media Used in Salmonella Analysis
a/
Level of Material Enrichment Selective Recovery of
Organism Inoculum Inoculated Broth Medium Salmonella senftenberg
Salmonella
senftenberg 2.2 Egg Meat
Gram
Negative
Rappaport1s
BGA positive
BGNRLA Positive
BSA Positive
EMBA Positive
HEA Positive
MacA Positive
SSA Positive
XLDA Positive
BGA Positive
BGNRLA Positive
BSA Positive
EMBA Positive
HEA Positive
MacA Positive
SSA Positive
XLDA Positive
continued
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum inoculated Broth Medium salmonella senftenberg
Selenite BGA positive
Cystine BGNRLA Positive
BSA Positive
EMBA Positive
HEA positive
MacA positive
SSA positive
XLDA Positive
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
continued
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium Salmonella senftenberg
Chicken Gram BGA Negative
Feces Negative BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Rappaport’s BGA Negative
BGNRLA Negative
BSA Negative
EMBA positive
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
continued
164
Appendix Table XVII, (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium Salmonella senftenberg
Selenite BGA Negative
Cystine BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
continued
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium salmonella senftenberg
Turkey Gram BGA Negative
Roll Negative BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Rappaport's BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
continued 166
Organism
>
Appendix Table XVII. (continued)
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium salmonella senftenberg
Selenite BGA Negative
Cystine BGNRLA Positive
BSA Negative
EMBA Negative
HEA Positive
MacA Negative
SSA Positive
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative.
SSA Negative
XLDA Negative
continued
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Appendix Table XVII. (continued)
Level of Material Enrichment selective Recovery of
Organism Inoculum Inoculated Broth Medium Salmonella thompson
Salmonella Gram BGA positive
thompson 1.9 Egg Meat Negative BGNRLA Positive
BSA Positive
EMBA Positive
HEA Positive
MacA positive
SSA positive
XLDA Positive
Rappaport's BGA positive
BGNRLA Positive
BSA positive
EMBA Positive
HEA Positive
MacA Positive
SSA positive
XLDA Negative
continued
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Organism
Appendix Table XVII. (continued)
Level of 
Inoculum
Material
Inoculated
Enrichment
Broth
Selective
Medium
Recovery of 
Salmonella thompson
Selenite
Cystine
BGA
BGNRLA
BSA
EMBA
HEA
MacA
SSA
XLDA
Positive
Negative
Negative
Positive
Positive
Positive
Negative
Negative
Tetrathionate BGA
BGNRLA
BSA
EMBA
HEA
MacA
SSA
XLDA
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
continued
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Appendix Table XVII. (continued)
organism
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium Salmonella thompson
Chicken Gram BGA Negative
Feces Negative BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Rappaport's BGA Negative
BGNRLA Negative
BSA Negative
EMBA positive
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum inoculated Broth Medium Salmonella thompson
Selenite BGA Negative
Cystine BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
continued
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Organism
Appendix Table XVII. (continued)
Level of Material Enrichment 
Inoculum inoculated Broth
Turkey Gram
Roll Negative
Rappaport's
Selective Recovery of
Medium Salmonella thompson
BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
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Appendix Table XVII. (continued)
Level of Material Enrichment Selective Recovery of
Organism inoculum inoculated Broth Medium salmonella thompson
Selenite BGA Positive
Cystine BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
continued
Appendix Table XVII. (continued)
Level of Material Enrichment Selective Recovery of
Organism Inoculum Inoculated Broth Medium Salmonella typhimurium
Salmonella Gram BGA Negative
typhimurium 1.8 Egg Meat Negative BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Rappaport's BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
continued
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Appendix Table XVII. {continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum inoculated Broth Medium Salmonella typhimurium
Selenite BGA Negative
Cystine BGNRLA Positive
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA positive
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA positive
MacA Negative
SSA Negative
XLDA Positive
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment
Inoculum Inoculated Broth
Chicken Gram
Feces Negative
Rappaport's
Selective Recovery of
Medium Salmonella typhimurium
BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
! XLDA Negative
f BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
continued
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment Selective Recovery of
Inoculum Inoculated Broth Medium Salmonella typhimurium
Selenite BGA Negative
Cystine BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Positive
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA positive
XLDA Negative
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Appendix Table XVII. (continued)
Organism
Level of Material Enrichment 
Inoculum Inoculated Broth
Turkey Gram
Roll Negative
Rappaport's
Selective Recovery of
Medium Salmonella typhimurium
BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
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Appendix Table XVII. (continued)
Level of Material Enrichment Selective Recovery of
Organism inoculum Inoculated Broth Medium Salmonella typhimurium
Selenite BGA Negative
Cystine BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
Tetrathionate BGA Negative
BGNRLA Negative
BSA Negative
EMBA Negative
HEA Negative
MacA Negative
SSA Negative
XLDA Negative
a/ Total number of cells per tube of enrichment broth
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